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(54) SALT -TOLERANT BACILLUS SUBTILIS VAR. CHUNGKOOKJANG STRAIN PRODUCING HIGH 
MOLECULAR WEIGHT POLY- f -GLUTAMIC ACID 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for efficiently 
producing high molecular weight paly- J -glutamic acid with a Bacillus 

strain, 

SOLUTION: The Bacillus Subtiiis van chungkootyang strain 
(KCTG06978P) separated from ehungkookiang. The method for 
producing the poly- r -glutamic acid with the strain. The poly-r- 
glutamic acid produced with the strain and having a molecular weight, of | 
>2.000 kDa, 
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»JP0 and WIT are not responsible for any 
dsaagas caused by the use of this translation. 

J This document has been translated by computer. So the translation may not. reflect the original precisely. 
2,**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)j 

[Claim 1 jProduce Polly gamma-glutamic acid which is a biodegradable polymer substance, and by call tolerance. 
A bacillus which speculation was difficult, and did not contain a plasmid in the strain itself, but was separated 
from a natto fermented soybeans and bean paste hot pot (******) Subtslis A natto fermented soybeans and 
bean paste hot pot slock (Bacillus subtilis var.chungkookjang). 

[Claim 2jA bacillus whose deposition number nitrate reduction power is KCTC06976P in negativity in Claim 1 
Subtilis A natto fermented soybeans and bean paste hot pot stock (Bacillus subtilisvar.chungkookjang). 
[Claim 3]A recombination protein production method using the microorganism according to claim 1 or 2 as a 
host. 

[Claim 4jA manufacturing method of Polly gamma-gluiamlc acid using the microorganism according to claim 1 or 
2. 

[Claim §]A manufacturing method of Polly gamma-giutamic acid including the following stage in Claim 4. (a) Polly 
gamma-glutamic-acid content liquid which carried out the stage (b) above-mentioned acquisition which 
cultivates a microorganism Claim 1 or given in two, and acquires Polly gamma-giutamic acid removes 
polysaccharide, A stage condensed after carrying out stage (d) dialysis into which processed to protease and 
extracellular nature protein was made to disassemble after dissolving stage (c) above-mentioned Polly gamma- 
giutamic-acid precipitate which acquires a Polly gamma-glutamic-acid sediment next it carried out solvent 
extraction and centrifuged and removing isolation glutamic acid [Claim 6]Poiiy gamma-gtutamic acid which is 
manufactured by the microorganism according to claim 1 or 2, and is characterized by a molecular weight being 
2,000 or more kDa. 

[Claim TjCosmetics containing the Polly gamma-glutamic acid according to claim 8. 
[Claim 8]Health food containing the Polly gamma-glutamic acid according to claim 6. 
[Claim &]A drink containing the Polly gamma-glutamic acid according to claim 6. 
[Claim t OjDrugs containing the Polly gamma-glutamic acid according to claim 6. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
d&nagss caused by the use of this translation. 

EThis document has beers translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

('Detailed Description of the Invention] 
[0001] 

[Field of the InventionjTh-s invention straw. The salt-tolerant bacillus Subtiiis (bacillus subtlis) natto fermented 
soybeans and bean paste hot pot stock separated from the natto fermented soybeans and bean paste hot pot 
<****♦*} which is a tradition beans fermented food of used South Korea (KCTC Bacillus subtiiis 
var.chungkookjang) It is related with Polly gamma-glutamic acid which is an extracellular secretion nature 
polymer produced from 0897SP and said strain, and is edible, water solubility, negative ion nature, and a 
biodegradable polymer substance. The D-amioo acid transaminase which is an enzyme in which this invention 
makes keto acid transfer the amino group of D~amino acid to details more (D-amioo acid 
aminotransferase:EC2.6.E2l ). (It is hereafter called D~AAT for short). The mture object formation of the 
opposite sex of an alanine and glutamic acid. Glotamlc-acid raeemase (Giutamate racemase:EC5.1,1,3: call for 
short the following GluRA) and alanine racemase (Alanine racemase: call for short the following AlaRA) which are 
enzymes which carry out a catalyst. And it is related with the Polly gamma-glutamic acid produced fay the new 
strain which produces Polly gamma-glutamic acid out of a cell with intracellular enzyme complexes, such as a 
Polly gamma-glutamate synthesis enzyme (Poly-gamma-giutamate synthetase), and said strain. As illustrated to 
drawing E many enzymes are participating in composition of Polly garoma-giutamic acid, 
[0002] 

[Description of the Prior ArtlPolly gamma-glutamic acid is the polymer which carried out Polly gamma-gfutamyi 
(gamma-glutamiyi) combination, and D and (---glutamic acid as mucous material, It is produced from the genus 
Bacillus stock separated from "KlNEivIA" etc. which are the "natto fermented soybeans and bean paste hot 
pot" (****#*) which is a tradition beans fermented food of South Korea using straw, the "fermented soybeans" 
which are Japanese tradition beans fermented foods, and a tradition beans fermented food of Nepal. The Polly 
gamma~glutamic acid produced from said genus Baciilus stock Edible, It can use for the raw material substance 
for the natural decomposition nature plastic manufacture by the desteeant. the moisturizer and the raw material 
of cosmetics, and the affinity of an ester derivative by water solubility, negative ion nature, and a biodegradable 
polymer substance (molecular weight: 100,000-2,000,000}, 

[0003]Recent!y. the research which got interested in production of Polly gamma-glutamic acid, development and 
the soluble fiber of a heat-resistant plastic, film production according to the substitutive -goods raw material of a 
difficulty degradable polymer and an esteriftcation reaction about use, etc. has been advancing actively mainly by 
industrialized nations. The development of hydro-gel (hydrogel) and industrialization research by the change-in- 
physical-properties research and the crosslinking bond agent which are caused in Polly gamma -glutamic acid at 
the time of gamma irradiation are promoted.. The influence of manganese ion which it will have on the 
presentation of Polly gamma-glutamic acid, and Polly gamma -glutamic -acid production if an example is given, 
The research to use to a water -soluble polymer and research (8iosci.8iotecimol.Bioch.em., 60(8): 1239-1 242- 
1998) on development of the low-water-flow solubility plastic by composition of an ester derivative, and bacillus 
by ultrasonic decomposition. The practical use (JP,H6~32742,A) to health food with the ************ curative 
effect as the Polly gamma-g!utamic~acid production by Subtiiis and a calcium ^solvent, etc see. 
[0004]ln addition, the effect (Euro patent No. 838160) of decreasing the phosphorus content of a drainage 
system and decreasing water pollution Biodegradable adsorbent e: t, a h< ?.h gelation pr pert > b 
radiation irradiation and absorptivity is manufactured, and there is a report, of application (JP.H1 0-25 14Q2. A), 
practical use CJP,H7~30G522A JP,H6~322358Al etc. to sanitary goods, foodstuffs, and horticulture industry of 
a diaper etc. the use (dP,H7-138384.A.) as the solidification biodegradable fiber by the dissolution of Polly 
gamma-glutamic acid, precipitate, end desiccation, a film, and a film formation agent There is also a report to 
JP.H5-1 17388 A polymer for drug carriers (JP.H8-S2870A JP.H6 -256220.AX etc, 

[0005]On the other hand, in South Korea with fundamental researches, such as efficient production (South 
http^/vAw4.tpdh 20iO/0<VOT 
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Korean patent application No 3404 [ 1997 to j, South Korean patent application No. 67605 [ 1997 to ]). a 
characteristic improvement, etc. of Polly gamma-gfutamic acid The application study which is going to use for 
the source materia! of cosmetics the Polly gamma-glutamic acid which a bacillus Bacillus natto stock, produces 
by the Pacific Ocean. Inc. occurs 
[0006] 

(ProblemCs) to be Solved by the inventlonlHowever. the molecular weights of the Polly gamma **GURUTAM.fN 
acid obtained by the method using the conventional genus Saciih.is. stock are 1 00,000' "2.000,000, and for a 
desiccant, a moisturizer, or natural decomposition nature plastic manufacture. The method that productivity was 
higher was called for the direction which produces the Polly gamma **GURUTAM!N acid of Polymer Division 
more. 

[OO0?jTherefore, this invention aims to let a molecular weight provide the method of producing more 2,000,000 

or more Polly gamma **GURUTAMfN acid to a large quantity using a genus Bacillus stock. 

[0008] 

[Means for Solving the ProbiemjSalt-tolerant strain bacillus separated from a natto fermented soybeans and 
bean paste hot pot <****•**) of a South Korean tradition beans fermented food as a result of this invention 
persons' inquiring wholeheartedly to achieve the above objects Subtilis A natto fermented soybeans and bean 
paste hot pot stock. It finds out producing Polly gamma-glutamic acid of the amount of Polymer Division at high 
concentration, and came to complete this invention based on these knowledge. 

[Q008]Namejy, this invention Polly gamma-glutamic acid which is a biodegradable polymer substance is produced, 
and it is salt tolerance, Bacillus which spoliation was difficult, and did not contain a plasmjd In the strain itself, 
but was separated from a natto fermented soybeans and bean paste hot pot Subtilis (t is a natto 

fermented soybeans and bean paste hot pot. stock (Bacillus subtilis var,ehungkookjang}. 
[OOlOjBaciiius whose nitrate reduction power the above-mentioned strain is netative in the above-mentioned 
invention and whose deposition number is KCTCG697BP Subtilis it is preferred that. it. is a natto fermented 
soybeans and bean paste hot pot stock (Bacillus subtilis var.chungkookjang). 

[001 1]Another of an invention is a recombination protein production method using the above-mentioned strain 

{001 2]Furthermore, another of an invention r$ * manufacturing method of Polly gamma-glutamic acid mmg the 
above-mentioned strain, 

£0G13]!n the above-mentioned Invention, it is preferred to include the following stage. 

(a) Polly gamma-gfutamic-acid content liquid which carried out the stage <b) above-mentioned acquisition which 
cultivates the above-mentioned strain and acquires Polly gamma-glutamic acid removes polysaccharide, A stage 
condensed after carrying out. stage (d) dialysis into which processed to protease and extracellular nature protein 
was made to disassemble after dissolving stage (c) above-mentioned Polly gamma-glutamsc-acid precipitate 
which acquires a Polly gamma-glutamic -acid sediment next it carried out solvent extraction and centrifuged and 
removing isolation glutamic acid [OOHjAccording to this invention, how a molecular weight produces efficiently 
2.000.000 or more Polly gamma **GURUT AMIN acid can be provided. 

[001 5] Furthermore, another of an invention is Polly gamma-glutamic acid which is manufactured by the above- 
mentioned strain and characterized by a molecular weight being 2,000 or more kDa. 

[00l6]According to this invention, the Polly gamma **GURUTAMIN acid which fitted a desiccant, a moisturizer, 
and natural decomposition nature plastic, manufacture rather than the Polly gamma **GURUTAMIN acid 
produced by the conventional genus Bacillus stock can be provided, 

[001 7]Fyrthermore. another of an Invention is the cosmetics containing the above -mentioned Polly gamma- 
glutamic acid. 

i.00 1 8 jFurthermore, another of an invention is the health food containing the above-mentioned Polly gamma 
glutamic acid. 

[001 ^Furthermore, another of an Invention is a drink containing the above-mentioned Polly gamma-glutamic 
acid. 

(0020]Fufthermore, another of an invention is the drugs containing the above-mentioned Polly gamma-glutamic 
acid. 

[002 1] According to this invention, cosmetics, health food, a drink, drugs, etc. which contain Polly gamma- 
glutamic acid of the amount of Polymer Division conventionally can be provided. 
[0022] 

[Embodiment of the InventionjTiereafter. this invention is explained more concretely. 

[0023j(Separat:ion and identification of a strain) Bacillus which is a new strain of this invention which produced 
Polly gamma-glutamic acid of edible, water solubility, negative ion nature, and biodegradabiiity with high yield, and 
had salt tolerance Subtilis Separation of a natto fermented soybeans and bean paste hot pot and the method of 
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identification are as follows. 

i.0024]lt is produced in the Republic of Korea, and in order to separate a strain with a Polly gamma-giutamic- 
acid high throughput from the sample of 20 ktnds of ****** which are a tradition beans fermented food using 
straw, various ****** samples are heat-treated for 20 minutes with a 60 ** constant temperature bath, after 
being suspended to distilled water, the colony pure isolation of the bacillus which cultivates for three clays with 
3? ** humidistai and expresses high viscosity after carrying out the smear of said suspension small quantity 
made to heat-treat to the Polly gamma-gfutamic-aeid production agar plate culture medium (GS) containing 1.5% 
of L-glutamic acid — it carries out. After carrying out subculture twice tor these separation bacillus repeatedly 
using the same above double grounds, a strain with the most active biomass growth is separated in the bacillus 
colony from which high viscosity is taken out by production of Polly gamma-glutamic acid. Although said 
separated Polly gamma -glutamic-add high throughput strain forms a milky bacillus colony from LB plate agar 
which contains agar 2%, this is cultivated at 37 ** by a **** thin method for 20 hours, and the strain it becomes 
active [ growth of a biomass ] most [ strain 3 is separated, 

C0025]this Invention strain separated by the above-mentioned method is morphological, and the physiological 
character is as follows. 

[0026]When cultivating by LB agar plate culture medium, opalescence carries out. bacillus cofony formation of 
this invention strain, and it has the characteristic that biomass growth becomes slow In the culture temperature 
of not less than 55 ** as the gram positive bacteria with active growth of a biomass on not less than 37 ** 
golden opportunity conditions Bacillus with the common this invention strain It is a salt-tolerant strain 
producible also by 9,0% of salt <NaC0 concentration higher than the salt tolerance concentration which Subtilis 
has, the result of having made the comparative analysis of the 1 6S rDNA base rank of this invention separation 
strain to the strain 1 SB rDMA. base sequence In a bacillus conventionally the homology (99.0%) of bacillus 
Subtilis (Bacillus subtilis) and very high 16S rDNA base sequence — a table — the bottom, 

L0027]Howevar, in spite of the above high homology, this invention bacillus in a new separation bacillus 

Subtilis . A natto fermented soybeans and bean paste hot pot can be used also for the strain which suited the 
high manifestation system of the recombination protein which did not contain the plasmid unlike the **** genus 
Bacillus stock which can be conventionally used for Poily gamma-gfutamio-aciri production, and let gene 
manipulation pass. The separation strain by this invention is a safe microorganism in which edible is possible. 
Therefore, for example, a vaccine can be made to be able to reveal by the ability to make said strain into a host 
(making the antigen portion of for example, a pig diarrhea vims reveal), end the strain itself can be used for the 
feed additives for a diarrhea disease therapy or prevention, 

C0O28jThat is, oral vaccine development is attained using the strain of this invention, 

[O029]Uniike other genus Bacillus stocks, nitrate reduction power is netative. spoliation does not happen easily 
and the separation strain of this invention has the characteristic which is not easily derived by manganese ion, 
either. It Is a bacillus about the strain of the aforementioned result to tins invention, it classifies into Subtilis and 
is a bacillus. Subtilis A natto fermented soybeans and bean paste hot pot (Bacillus subtilis var.chungkookjang) is 
named, The name of said strain was made into 'Bacillus 8S-4' (Bacillus sp.8S-4) for convenience, and it ****ed 
to the Biotechnology Division research institute gene bank (KCTC. Taejon Metropolitan ************ 52 
whereabouts) as an accession number of KCTC08878P on November 18, 1099. 

L0030]CAnalysis of Polly gamrna-glutamic acid and activity measurement of an intervention enzyme) A fixed 
quantity of the Polly garnma-glutamic acid produced by said strain, D of a polymer, arid the check of an L- 
glutamic acid presentation are carried out as follows. 

[003t]8acillus Subtilis After cultivating a natto fermented soybeans and bean paste hot pot, .liquid, such as an 
upper group which eentrifuged the culture medium and Poliy gamma-glutamic acid contained. Is separated, and D 
and L-glutamic acid are separated using the crepuscular-rays study activity HPLC column which added high 
concentration chloride here and was h.ydrolysed at the elevated temperature, In order to ask for a standard 
curve, the refined Poliy gamma~glutamic~acid sample was also analyzed by the same method. The content of the 
Polly gamma glutamic add which calculated the correction value over the isolation L-glutamic acid which 
carried out semi- [ of the substance which passed the column } to D and an L-glutamic acid standard curve, and 
was added to the initial culture medium quality and after quantifying, and was produced purely Is calculated. 
[0032]For measurement, of intracellular enzyme D-AAT and GiuRA which participate in production of 
biodegradable Polly gamma-glutamic acid dlrectiy. and AiaRA activity, After collecting biomesses and crushing a 
biomass by an ultrasonic crusher next it inoculated this invention strain into 5-iml L8 liquid medium and 10 hours 
cultivated at 37 **, it centrifuges and crude enzyme liquid is obtained. An activity fixed quantity of D-AAT 
makes the crude enzyme liquid obtained by the above react it to D-aianioe and alpha-keto glutamic acid into a 
O.fM trie buffer solution (Trls-HC), pH 8.5), and by an enzyme reaction. The activity can be quantified by 
measuring the quantity of the pyruvic acid which is a reaction product produced. GiuRA car; analyze the L- 
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glutamic acid produced by the pest-enzyme reaction which made crude enzyme liquid react to D-giutaroic acid, 
aipha-glutamine acid, and PLP into SOmM tris buffer solution (Tris-HCi, pH 8.5) in an optica! activity HPLC 
column, and can make the activity a fixed quantity. AJaRA measures with an absorbance the pyruvic acid 
produced with alanine dehydrogenase by making D~a?aoine into a disposition at 340 nm, and makes the activity a 
fixed quantity. 

[0033J Hereafter, this invention is explained more to details through working example. It is for these working 
example only explaining this invention more concretely, and the range of this invention is not limited by these 
working example according to the gist of this invention. 
[0034] 

[Example j(Working example t) ****** which is the tradition beans fermented food produced by the traditional 
beans bacterial coupling through the decomposition of a microorganism and the separation straw of an 
identification 1. microorganism which produce Polly gamma"-gfutarmc acid came to hand all over the country, and 
it was used as a sample. After following the endospore formation-ked process which is heat-treated for 20 
minutes with a 60 ** constant temperature bath, and a bacillus has next, it added each sample to sterilization 
distilled water in small quantities and was suspended, The smear of the suspension is carried out to GS olate 
agar (1.5% L-glutamic acid. 5.0% sugar, 0.2?%KH 2 PO 4 . 0.42%Na 2 HPO 4 , 0.05%NaCi. and 0.05%MgSO 4 and 0.05% 
6S0KEN) which contains agar 2%. It cultivated for three days to a 37 ** incubator. Che biomass which forms the 
mucosity bacillus colony shown by Polly gamma-giotamic-aeid production was separated after culture. 
[0035 jA possibility that a separation bacillus can be co-cultured by mucosity Polymer Division Polly gamma™ 
giutamie-acid production is taken into consideration. After carrying out the smear according to a continuation 
thin method on L8 culture medium which is a genera! culture medium which does not produce a polymer, 
biomass growth carried out pure isolation only of the most flourishing bacillus, and selected with the Polly 
gamma-glutamic-acid production strain, and biochemical characterization was examined closely using that said 
strain is morphological and a general culture medium without polymer production of mucosity, 
[0036jln order to Investigate the constitutive enzyme activity of the enzyme complex which participates in 
polymer production of the Polly gamma-giutamic-acid production strain obtained by this invention, the separated 
strain was inoculated into 5-m! L8 liquid medium, and 10 hours cultivated st. Said culture medium was 
centrifuged, biomasses were collected, and after crushing the biomass by the ultrasonic crasher and obtaining, 
crude enzyme liquid, this was used for D-AAT and GluRA which participate in Polly gamma~g!utamic-acid 
production, and AfaRA enzyme activity measurement. 

[083?j2 : , and morphological and it is biochemical characterization (1)  . [ a microorganism ] 
 &nbsp:   &nbspAlthough edible i which was separated in growth and the gestalt 
characteristic above - mentioned stage of &nhsp; microorganism 1 water solubility, biodegradabiiity, and the 
activity strain from ** tonicity Polly gamma -glutamic-acid Takao formed the colony of the bacillus which takes 
out high mucosity with GS agar plate background which is a Polly gamma-giutamic-acid production culture 
medium. By LB agar plate culture medium which does not produce mucosity pile composition, the milky bacillus 
colony was formed and many of biomasses showed the cylindrical gestalt. Under the temperature influence 
which it has on biomass growth, growth was nursed in [ not less than 30 ** j 55 ** or less, and biomass growth 
was not able to be checked above 60 **. 

[003S]When microscope observation was carried out by the exponential phase using LB liquid medium of biomass 
growth, it is a bacillus of a comparison strain. It was similar with Subtilis (graphic display abbreviation). It was a 
Gram positive and the sizes of the cell were 0.7 to 0.8X2.0-3.0 micrometers of outlines. RICHINIPOM1SU which 
is other comparison strains expressed the cylindrical pattern that the biomass outside of an exponential phase 
was thin on the other hand again, and the separation strain of this invention expressed the different biomass 
outside. 

[0039](2) The strain and bacillus by sodium chloride tolerance this invention After 24 hours cultivated the 
Subtilis fermented-soybeans (B. subtiiis natto) strain by LB culture medium by which NaG! of each 
concentration was added, the absorbance was measured at 8o0 nm and the growth grade of each strain was 
measured (dra « ng 2* From the density range (1.2%) where the strain by this invention can grow so that it may 
see by a diagram to a bacillus Compared with the Subtilis fermented soybeans, it turns out that it is the 
tolerance over a twice [ about ] as many survival rate, i.e., sodium chloride, as this. 

[0040j(3) The strain by plasmid content characteristic this invention, bacillus Bacillus Subtilis 188 and the 
bacillus which are the type strains of Subtiiis The plasmid was separated from Subtilis fermented-soybeans 
1F03338 »nd the < nteni propriety <, s checked |rawing;3 At rawing Mis kb rudder marker and A is a 
bacillus. Subtiiis 168. the strain according [ B ] to this invention, and C express bacillus Subtiiis fermented- 
soybeans IFQ3338 
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10041 ]Aithough the strain by this invention is a strain which produces Poiiy gamma -glutamic acid as it sees by a 
diagram, it turns out that a plasmid like ferroented-soybeans IFO0336 is not contained. And the same feature as 
bacillus Subtilis 188 which is a strain which cannot produce Polly gamma- glutamic acid is seen, 
[0042]The strain by this invention can be used also for the host who suited the high manifestation system 
(secretory production) of the recombination protein which did not contain a piasrnld. therefore carried out s>ooe 
manipulation like [ at the time of explaining if} full detail }. 

i.0043](4) The spore was dyed and observed, after inoculating the strain by this invention into LB culture medium 
by which CoSO iS of speculation characteristic 2mM was added and cultivating for four days at 37 ** (graphic 
display abbreviation). Bacillus which is the Poliy gamma-giutamic-acid production strain with same strain by this 
invention It has checked that sporogenous ability power had come out notably compared with the Subtilis 
fermented soybeans. 

[00443(5} In addition, the biochemical characterization of the strain by this invention, etc. were investigated using 
biochemistry characteristic API50CHB and an API20E kit 

[0045]The strains by this invention are gram positive bacteria, do not have the reducing power of a nitrate and 
do not produce Indore. Gelatin and starch are decomposed, beta **GUR!KOSHIDA2E and #*-ga!actosidase are 
produced, and oxidase is produced. An urease can be produced and it can grow up altogether on golden 
opportunity base conditions. It expressed as what can use glycerol galactose, glucose, a shook sirloin, malt 
sugar, and starch. 

[00461ft is as [ detaiieci / k having been morphological and having expressed biochemical characterisation to 
Table 1 j the microorganism sorted out by this invention. 
[0047] 



[Table 1] 
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[00483(6} In order to identify more correctly the separation strain obtained by base sequence analysis this 
invention, gene base sequence analysis of 16S rDNA was carried out. 

[0049]First, after amplifying 16S rDNA gene in PCR using N-end primer (5'~AGAGTTTGATCCTGGCTCAG~3) 
and C-end primer (5 ■--AGAAAGGAGGTGATGGAGCG-3'X Cloning was carried out. to plasmid pT?8iue. and the 
whole base sequence was determined, ft is a bacillus as a result of comparing much 1 0SrDNA base sequences 
and homology of a microorganism to whom 16S rDNA base sequence of the microorganism sorted out is 
reported conventionally. Homology was expressed as Subtilis 99.0% and it has judged as what is located in a 
system which was illustrated by draw ing 4. 

[00503(7} The separation strain of this invention shows the -characteristic which does not contain a plasmid 
unlike the usual genus Bacillus stock which can fae conventionally used for Poliy gamma-giutamic-acid 
production in spite of identification of the separated strain, however homology high as mentioned above. Such 
the characteristic shows that the strain by this invention can use gene manipulation for the host who suited the 
high manifestation system of the recombination protein which led. Unlike a genus Bacillus stock, nitrate 
reduction power is netative, sporulation is not performed easily but the separation strain of this invention has 
the characteristic which is not easily derived to manganese ion. 

' I05l]lt is a bacillus natto fermented soybeans and bean paste hot. pot (Bacillus.) about the strain of this 
invention about the characteristic (following working example can explain) of the Poliy gamma-gUitamlc acid 
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which the characteristic and this strain of the above strain itself produce, it classifies into the new strain 
belonging to Subtiiis. and is a bacillus. Subtiiis ft is named subtiiis var.chungKooKjang. The name of said strain 
was made into Bacillus 8S -4' (Bacillus so.BS-4) for convenience, it ****ed to the Biotechnology Division 
research institute gene bank (KCTC, South Korean Taejon Metropolitan ************ 52 whereabouts) on 
November 18, 1999, and deposition number KCTC0697BP was given. 

LG052]CWorking example 2) After it inoculated the separation strain of generation this invention of Polly gamma- 
glutamic acid into the Polly gamma-gMarnic~acid production culture medium and 72 hours cultivated at 3? **, 
the Polly gamma-giutamic-acid content sample solution was acquired by adjusting so that the 2N solution of 
hydrochloric acid may be added and pH may be set to 3.0, 10 hours made said sample solution settle at 4 ** 
and polysaccharide in fermented mash was removed, it added so that it might become fermented mash twice the 
volume of said there about ethanol, and it fully mixed. After 10 hours made mixed liquor settle at 4 **, it 
centrifuged and the Polly gamma-gjutamic-acid sediment was obtained. Add distilled water to said sediment and 
it was made to dissolve in it. protease was added so that it might be set to 100 ug(s)/rol, and 37 ** humkfistat 
was made to decompose the quality of extracellular protein of 8 hours which carries out a between settlement 
reaction and exists In a Polly gamma -glutamic- acid sample. It condensed, after removing the glutamic acid which 
dlaiyzed and separated this with sufficient quantity of distilled water and pure Polly gamma-glutamic acid was 
obtained. The these-refined Polly gamma-glutamic acid measured the presentation and the quantity of 
production of 0 and L glutamic acid which were obtained by performing oxidized water decomposition. 
[0053]As the productivity of the Polly gamma-glutamic acid which the strain of this invention and the strain 
used for comparison produce was expressed to Table 2, as for the separation strain of this invention, the liquid 
medium showed the productivity of 18 g/L Bacillus separated from fermented soybeans Subtiiis fermented- 
soybeans 3F03336a and RICHIEPOMlSUATCC9945a showed the Polly gamma-giutamic-aoid productivity of 10 
g/L and 9 g/L respectively. In order to compare the productivity of Polly gamma-glutamic acid in a solid medium, 
After inoculating the bacillus into the plate agar which is a Polly gamma-glutamic-acid production culture 
medium which contains agar 2% and cultivating for three days at 3? #*, Polly gsmma-giutamic acid was refined 
identically to the above-mentioned refining method, and the difference of the productivity of this invention 
separation strain and g comparison strain was investigated. As for the test result and the separation strain of 
this invention, 8 mg / plate agar and RICHIEP0MISU ATCC9345a expressed the productivity of 8 mg / plate 
agar, and 12 mg / plate agar, and bacillus Subtiiis fermented-soybeans IF03336a checked that this invention 
separation strain had twice [ about ] as many productivity as this compared with a comparison strain. The result 
of having measured the quantity of the Polly gamma-glutamic acid respectively produced per 0.3-mg strain so 
that it might see with the gel photograph of drawing S, Bacillus which Is a Polly gamme-glutamic-aeid production 
Strain of existing [ the separation strain of this invention J It can check producing Polly gamma-glutamic acid of 
very much quantity from Subtiiis fermented-soybeans lF03336a. 



i'0054] 




[Table 2] 




s* 

























: "Or. :>ji. Working example 3} The quantity of production of the Polly gamma-glutamic acid which 0 of Polly 
gamma-glutamic acid and the separation strain of stereospecificity investigation this invention of t -glutamic acid 
produce, and the presentation of D which Is a constituent of Polly gamma-glutamic acid, and L-giutamic acid 
were Investigated. 

[0056]in order to investigate the percentage of D which is a monomer of Polly gamma-glutamic acid of the 
amount of Polymer Division which the separation strain of this Invention produces, and (.-glutamic acid, After 
making the pure Polly gamma-glutamic-acid sample which 72 hours cultivates with 150 rpm and 37 ** humidistat 
using the Erlenmeyer flask which is 500 ml which GS production culture medium contained, and could be refined 
In t'r;e above-mentioned refining method and the similar way add and deaerate SN chloride, 10 hours hydrotyzed 
at 105 **. 

j0057]The amino acid analysis cf tits above-mentioned hydroiysaie uses the concentration gradient using SOmM 
phosphoric acid buffer solution (pH 7.0) which contains methanol 5%, and methanol. The HPI..C column 
(RexehromeS5H00™O'DS, Regis Chem, 4.8mmX25cmX5m ) U.S.) analyzed. After separation of the stereoisomer^ 
form made 0 and the amino-terminus part, of L-glutamic acid derivatize using o-phthaialdehyde. In 452 nm (Em) 
and 342 cm (Ex). D and L-glutamic acid which are the constituents of Polly gamma-glutamic acid were made a 
fixed quantity according to the standard curve of D and L-giutamic acid with the fluorescence detector. 
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[0058jAs the result of having investigated the content of D which Is a monomer which constitutes the produced 
Polly gamma- -glutamic acid, and L -glutamic acid was expressed to Table 2, The ratios of D/L-- glutamic acid from 
the Polly gamma-giutamic acid which this invention separation strain produces are about 40/60, Bacillus which 
is a comparison strain In Subtiiis fermented-soybeans )F03336a and RlCHEPOM!$UATCC9945a. the ratio of 
O/L-glutamic acid is 50/50. and the separation bacillus was able to see different monomer percentage, 
[D059j(Fixed quantity of enzyme activity which participates in Polly garoma-glutamic -acid production} 
In order to measure the enzyme activity which participates in Polly gamma-giutamic-acid production of this 
invention separation strain. It centrtfuged, after cultivating a biomass with 37 ** Huresdistat using L8 liquid 
medium which does not produce a mueosity polymerization agent and after adjusting crude enzyme liquid with 
the method which mentioned this above next, the enzyme activity included in crude enzyme liquid was measured. 

L0060]It makes the activity of D-AAT react crude enzyme liquid to D-alanine and **-Tetogiutane acid into a 
0,1 M trie buffer solution (Tris~HCl pH 8.5). and it by an enzyme reaction. It quantifies by measuring the quantity 
of the pyruvic acid which ss the produced reaction product (Berotsson S, Anai.Chem., 27:1659 -1880-1995}, The 
activity of GiuRA analyzed and quantified the L -glutamic acid produced by the enzyme reaction in the optical 
activity MPIO column, after making crude enzyme liquid react to D-glutamlc acid, **-ketogtutaric acid, and PIP 
in 50mM trie buffer solution {Tris-MGt, pH 8,5), The spectrometry of the pyruvic acid which made alanine 
dehydrogenase react to the L-alanine produced considering D-alanine as a substrate, and was generated was 
carried out, and alanine racemase activity measurement (Biochemistry, 25:326 1-328 7,1 988) quantified it. Protein 
content was measured fay the Bradford method (Bradford, M„ Anal.Biochem., 72:248-254 -1976). 
[006 1j The activity measurement result of the quantity of Polly gamma-glutamic acid, a molecular weight and D. 
an t-giutamic acid ratio, and an enzyme (D-AAT, GluRA, AlaRA) by which the product from happiness in the 
next life is carried out of having cultivated the separation strain of this invention with the Erlenmeyer flask was 
shown in Table 2 and Table 3. Bacillus known as a Polly gamma~g!utamlc~aeid production strain separated from 
Japanese fermented soybeans In order to compare the characteristic of the Polly gamma-giutamic acid which 
this invention separation strain produces Subtiiis. and the Polly gamma--glutamic~acid quantity of production and 
enzyme activity of RICHIEPOMISU were measured and displayed. 
[0062] 
[Table 3] 



[0063jAs a result of comparing and examining the above enzyme activity, the separation strain of this invention 
AlaRA. D-Aia and D-G!u of cell growth and Polly gamma-giutamic acid required for production are compounded 
"sing GluRA activity, Bacillus It can expect using the activity of D-AAT higher about 3 times than the Subtiiis 
fermented soybeans and RICHIEPOMISU as a thing with the course which compounds D-Glu in large quantities 
and uses it for production of Polly gamma-giutamic acid directly from D-Aia, Bacillus The Subtiiis fermented 
soybeans and RICHIEPOMISU so thai Tables 2 and 3 and draw ing 1 may see, it can expect as a thing with the 
course which compounds glutamic acid required for composition cf cell growth and Polly gamma~g!utamlc acid 
using high GluRA activity, The separation strain of this invention is a bacillus. It was considered Subtiiis 
fermented-soybeans !FQ3338a and RICHIEPOMISU ATCC9945a as a thing with each-other different **** 
am.no-acid-synthesis course (drawing 6), Are dravwrtg .6 and the glutamine;2~oxo guru TAREDO amino mutase 
and 2 I A giutamine synthetase, 3 — L-giutamlc acid: — • as for the pyruvic acid amino mutase and 4, the D~ 
amino acid amino mutase and 6 are Polly gamma-glutamate synthesis enzymes alanine racemase and 5, and TCA 
expresses a tricarboxylic acid cycle. 

|.O064]Name!y, bacillus While D~giutamic acid which can be used for composition of Polly gamma-glutamie acid is 
converted into intracellular in the case of the Subtiiis Bacillus natto stock, L-glutamic acid is converted into D~ 
giutamic acid by operation of giutamic~aoid racemase and it Is made, in the separation strain of this invention, 
□"glutamic acid is produced from L-giutamic acid by operation of alanine racemase and the D-amino acid amino 
mutase. 

: -.Working example 4) bacillus which are a separation strain of dete:rmmation--of--moiecular~weighi this 
invention by comparison (I) electricai-and-eiectric-equipment **** of the molecular weight of Polly gamma- 
glutamic acid, and the type strain in a bacillus Subtiiis 168 and,Baci!lus which is a comparison strain In order 
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to measure the molecular weight of the Polly gamma-glutamic acid which Subtilis fermented-soybeans IF0333S 
produces, concentration gradient SDS -PAGE was carried out. 

i OOnfijAfter refining- the Polly gamma-glutamic acid produced from each biomass with the refining method 
explained in full detail in said working example 2, the about 200 ug<s}/m! solution was prepared, After mixing each 
Poiiy gamma-giutamie-acid solution 80u! with 5X buffer solution 20ut by which dyeing medicine was added, 
electric **** was performed by 5 to 20% of concentration gradient poiyacrySamide gef. Standard protein and 
Poiiy gamma-glutamic acid were dyed for the electric •****• completion back of each by a KOMASH1 dyeing 
reagent and methylene blue (draw i g 6 A, < t iwng 5 M is standard protein and 1 is a bacillus. The strain 
according [ according to n Sum 163 a 2 s\i Us Subtilis fermented-soybeans IF03338 , 3 1 to this 
invention was expressed. 

L0067jLike I *$, the separation strain of this invention Is a bacillus. It was able to check producing Polly 
gamma-glutamic acid of a far larger molecular weight than the molecular weight (about 1,000 KOa(s) - 2,Q0OKDa) 
of the Polly gamma- giutam-c acid which the Subtilis fermented soybeans produce 

! ^ft r cult (ting the separation strain of determination~of-moiecular~weigbt this invention by a gel 
filtration chromatograph (GPC) for five days by GS solid medium. Polly gamma-glutamic acid was refined by the 
aforementioned method, and the molecular weight was analyzed using the gel penetration chromatograph 
(Asahipak GS-620 H+Tosoh TSK gei). 

[0069]a gel filtration chromatograph SOmM salt: — to the solvent, the rate of flow of the solvent carried out 

the acetonitrite (4:1) solution with 25 ** column oven at 0.7 mi/m. In the standard substance, polyethylene oxide 
was used and the molecular weight of Poiiy gamma-glutamic acid was measured using the refraction index 
measuring instrument. 

[0070]The chromatograph of the test result was illustrated to drawing ?. As a result of analyzing this, as for the 
Poiiy garnma-giutaroic acid which the separation strain by this invention produces, it turns out that Mw (an 
average molecular weight, weightaverage moiecular weight) is [ about 13 million and a moiecu!ar~weight~ 
dlstribution figure (poiydispersfty) ] about 8,0, 

[0071 jThis proves that not only the chisei with a very iarge molecular weight compared with the thing which 
other strains produce but its moiecular weight distribution of the Poiiy gamma -glutamic acid which the strain by 
this invention produces is uniform. Therefore, the Polly gamma-glutamic acid produced from the strain of this 
invention can be utilized very useful as an object for hydration gel manufacture, 

[00?2j(Worksng example 3} Poiiy gamma-gbtamlc-acid molecular weight, change of the strain by this invention 
which utilized Polly gamma~glutamic~acid decomposition activity measurement GPC of the strain by this 
invention, and followed culture time progress was investigated. 

[00?33Ctiltivating the separation strain of this invention by GS solid medium, Polly gamma-glutamic acid was 
respectively refined by the aforementioned method on 1 , 3, and the 5th at the time of progress, and a moiecular 
weight and moiecular weight distribution were investigated using GPC (Table 4). 
E0074] 
[Table 4j 




[00?5jlt turns out that the Poiiy gamma-glutarnic acid compounded by the strain by this invention hardly 
changes an average molecular weight and moiecular weight distribution even if culture time passes so that it 
may see in Table 4, therefore, strain bacillus by this invention Subtilis or f that, a natto fermented soybeans and 
bean paste hot. pot does not. have Poiiy gamma~gi ut a rnlc -a old decomposition activity ] — or it can be judged 
that there is not almost it. 
[0078] 

[Effect of the InventionjAs It explains in detail by the above and being expiaioed.Sait-tolerant strain bacillus 
which separated this invention from (natto fermented soybeans and bean paste hot pot) which is a 

South Korean tradition beans fermented food Subtilis natto fermented soybeans and bean paste hot pot 
(Bacillus subtilis var.chungkookjang, KCTC0697BP). And Poiiy gamma-gkJtamlc acid which is edible, the water 
aoiubility. the negative ion nature, and the biodegradable polymer substance which are produced from said strain 
is provided. Bacillus of this invention Subtilis A natto fermented soybeans and bean paste hot pot {Bacillus 
subtilis var.chungkookjang) produces Poiiy «arnma~giutaraie acid with a larger molecular weight than Poiiy 
gamma-glutamic acid of the cell which a common genus Bacillus stock produces. The quantity of production is 
excellent again, and the Poiiy gamma-glutamic acid produced by the strain of this invention can be used for 
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product development such as a high-value-added cosmetics raw material, a desiccant, and biodegradable plastic 
mater.af, useful by composition and chemical preparation of a derivative. 
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TECHNICAL FIELD 



[Field of the InventionjThis invention straw. The salt-tolerant bacillus Subtilis (bacillus subtlis) natto fermented 
soybeans and bean paste hot pot stock separated from the natto fermented soybeans and been paste hot pot 
£♦*****) w hich is a tradition beans fermented food of used South Korea (KCTC Bacillus subtilis 
var.chungkookjang) ft is related with Polly gamma - glutamic acid which is an extracellular secretion nature 
polymer produced from 0897BP and said strain, and is edible, water solubility, negative ion nature, and a 
biodegradable polymer substance. The D-amino acid transaminase which ;s an enzyme in which this invention 
makes ketc acid transfer the amino group of D-amino acid to details more (D-amino acid 
aminotransferase:EC2.6.f.21). (It is hereafter called D-AAT for short), The nature object formation of the 
opposite sex of an alanine and glutamic acid. Glutamic-acid racemase (Glutamate racemase:EC5,1.1.3: call for 
short the following GiuRA) and alanine racemase (Alanine racemase: call for short the following AiaRA) which are 
enzymes which carry out a catalyst, And it is related with the Folly gamma-glutamic acid produc&d by the new 
strain which produces Polly gamma-glutamic acid out of a cell with intracellular enzyme complexes, such as a 
Polly gamma-glutamate synthesis enzyme (Poiy-gamma-giutamate synthetase), and said strain. As illustrated to 
drawing 1, many enzymes are participating in composition of Polly gamma-glutamic acid 
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PRIOR ART 

[Description of the Prior ArtJPoliy garoroa-giutaroic acid is the polymer which carried out Polly gamma-ghitamyl 
(gamma-glutamiyt) combination, and D and I -glutamic acid as mucous material, It is produced from the genus 
Bacillus stock separated from "KiNEMA" etc. which are the "natto fermented soybeans and bean paste hot 
pot" {♦*****} which is a tradition beans fermented food of South Korea using straw, the "fermented soybeans'' 
which are Japanese tradition beans fermented foods, and a tradition beans fermented food of Nepal. The Polly 
gamma-glutamic acid produced from said genus Bacillus stock Edible, It can use for the raw material substance 
for the natural decomposition nature plastic manufacture by the desiccant, the moisturizer and ths raw materia! 
of cosmetics, and the affinity of an ester derivative by water solubility, negative ion nature, and a biodegradable 
polymer substance (molecular weight 100.000-2.000.000). 

[0003]Recently. the research which got interested in production of Polly gamma-glutamic acid, development and 
the soluble fiber of a heat-resistant plastic, film production according to the substitutive-goods raw materia! of a 
difficulty degradable polymer and an esterifscation reaction about use. etc. has been advancing actively mainly by 
industrialized nations. The development of hydro-gel (hydrogeO and industrialization research by the change-in- 
physical-properties research and the crosslinking bond agent which are caused in Polly gamma-glutamic acid at 
the time of gamma irradiation are promoted. The influence of manganese ion which it will have on the 
presentation of Polly gamma-glutamic acid, end Polly gamma-giutamlc-scid production If an example is given. 
The research to use to a water-soluble polymer and research (Biosci.Biotachnol.Biochem., 60(8): 1 239-1242- 
1996) on development of the low-water-flow solubility plastic by composition of an ester derivative, and bacillus 
by ultrasonic decomposition. The practical use <JP > H8-32?42,A) to health food with the ************ curative 
effect as the Polly gamma-glutamic -acid production by Subtilis and a calcium resolvent, etc. sea. 
[0004]In addition, the effect (Euro patent No. 838160) of decreasing the phosphorus content of a drainage 
system and decreasing water pollution. Biodegradable adsorbent resin with the high gelation properties by 
radiation irradiation and absorptivity is manufactured, and there is a report of application (JP,H 10-231402. A), 
practical use (JP.H7-300522.A, JP.H6-322358.A), etc. to sanitary goods, foodstuffs, and horticulture industry of 
a diaper etc, the use (JP,H7- 138364 A) as the solidification biodegradable fiber by the dissolution of Polly 
gamma-glutamic acid, precipitate, and desiccation, a film, and a film formation agent There Is also a report to 
JP.HSH 17388, A, polymer for drug carriers QP,H6~92870A JP.H6-2S6220A). etc. 

[0005]On the other hand, in South Korea with fundamental researches, such as efficient production (South 
Korean patent application No. 3404 [ 1997 to ]. South Korean patent application No. 67605 [ 1987 to ]>, a 
characteristic improvement, etc. of Polly gamma-glutamic acid. The appiscaton study which is going to use for 
the source material of cosmetics the Polly garnma-giutamic acid which a bacillus Bacillus natto stock produces 
by the Pacific Ocean, Inc. occurs. 
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EFFECT OF THE INVENTION 

[Effect of the !nvention]As it explains in detail by the above and being expiatned,Salt~tolerant strain bacillus 
which separated this invention from (natto fermented soybeans and bean paste hot pot) which is a 

South Korean tradition beans fermented food Subtilis natto fermented soybeans and bean pasta hot pot 
(Bacillus subtilis var cbungkooHjang, KCTCQ8978P), And Polly gamma-giutamic acid which is edible, the water 
solubility, the negative ion nature, and the biodegradable polymer substance which are produced from said strain 
is provided. Bacillus of this invention Subtilis A natto fermented soybeans and bean pasts hot pot (Bacillus 

i 1 y« i larget ighl tnar Pciiy 

gamma-giutamic acid of the cell which a common genus Bacillus stock produces, The quantity of production Is 
excellent again, and the Polly gamma-giutamic acid produced by the strain of this invention can be used for 
product development, such as a high-value-added cosmetics raw material, a desiccant and biodegradable plastic 
material, useful by composition and chemical preparation of a derivative. 
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TECHNICAL PROBLEM 

[Problem!*; to be Solved by the InvanticnjHowever, the molecular weights of the Polly gamma **GURUTAMIN 
acid obtained by the method using the conventional genus Bacillus stock are 100,000-2,000.000. and for a 
desiccant, a moisturizer, or natural decomposition nature plastic manufacture, The method that productivity was 
higher was called for the direction which produces the Polly gamma **GURUTAMIN acid of Polymer Division 
more, 

[00073Therefore« this invention aims to let a molecular weight provide the method of producing more 2,000,000 
or more Polly gamma **GURUTAMIN acid to a large quantity using a genus Bacillus stock. 
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MEANS 

[Means for Solving the Probitv-n]Salt--tolerant strain bacillus separated from a natto fermented soybeans and 
bean paste hot. pot (******) of a South Korean tradition beans fermented food as a result of this invention 
persons' inquiring wholeheartedly to achieve the above objects Subtilis A natto fermented soybeans and bean 
paste hot pot stock, ft finds out producing Polly gamma-giutamic acid of the amount of Polymer Division at high 
concentration, and came to complete this invention based on these knowledge. 

[00Q9]Namely, this invention Polly gamma " glutamic acid which is a biodegradable polymer substance Is produced, 
and it is salt tolerance. Bacillus which sporulatioo was difficult and did not contain a plasmid in the strain itself, 
but was separated from a natto fermented soybeans and bean paste hot pot <*****♦) Subtilis It is a natto 
fermented soybeans and bean oaste hot pot stock (Bacillus subtilis var.chungkookjang). 
[OGIGjBaciflus whose nitrate reduction power the above-mentioned strain is netative In the above-mentioned 
invention and whose deposition number is KCTC0697BP Subtilis It is preferred that it is a natto fermented 
soybeans and bean paste hot pot stock (Bacillus subtilis var.chungkookjang). 

[001 IjAnother of an invention Is a recombination protein production method using the above-mentioned strain 
as a host, 

[0012}Furthermore. another of an invention is a manufacturing method of Polly gamma -glutamic acid using the 
above-mentioned strain. 

[001 3}m the above-mentioned invention, it is preferred to include the following stage. 

(a) Polly gamma-glutamie-acid content liquid which carried out the stage (b) above-mentioned acquisition which 
cultivates the above-mentioned strain and acquires Polly gamma-giutamic acid removes polysaccharide, A stage 
condensed after carrying out stage (d) dialysis into which processed to protease and extracellular nature protein 
was made to disassemble after dissolving stage (c) above-mentioned Polly gamma~g!utamie-acid precipitate 
which acquires a Polly gamma-giutamlc-acid sediment next it carried out solvent extraction and centrifuged and 
removing isolation glutamic acid [001 4] According to this invention, how a molecular weight produces efficiently 
2,000,000 or more Poiiy gamma **GURUTAMiN acid can be provided 

[001§]Furthermore, another of an invention is Polly gamma- giutamic acid which is manufactured by the above- 
mentioned strain and characterized by a molecular weight being 2,000 or more kDa. 

[00!8]Accordlng to this invention, the Polly gamma **GURUTAMIN acid which fitted a desiocant. a moisturizer, 
and natural decomposition nature plastic manufacture rather than the Poiiy gamma **GURUTAM!N acid 
produced by the conventional genus Bacillus stock can be provided. 

[00 i ? Furthermore, another of an invention is the cosmetics containing the above-mentioned Polly gamma- 
giutamic acid. 

[0018]Furthermore, another of an invention is the health food containing the above-mentioned Polly gamma- 
glutamic acid. 

[00 1 SjFurthermore. another of an invention is a drink containing the above-mentioned Polly gamma -glutamic 
acid. 

[0020] Fun her more . another of an invention is the drugs containing the above-mentioned Polly gamma-giutamic 
acid. 

[0021] According to this invention, cosmetics, health food, a drink, drugs, etc. which contain Polly gamma - 

glutamic acid of the amount of Polymer Division conventionally can be provided 

[0022] 

[Embodiment of the lnvention}Hereafter, this invention is explained more concretely, 

[002.3 jCSeparat ion and identification of a strain) Bacillus which is a new strain of this invention which produced 
Folly gamma-giutamic acid of edible, water solubility, negative ion nature, and biodegradability with high yield, and 
had salt tolerance Subtilis Separation of a natto fermented soybeans and bean paste hot pot and the method of 
identification are as follows. 
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[0024 jit Is produced In the Republic of Korea, and m order to separate a strain with a Polly gsmma-glutamic- 
aeld high throughput from the sample of 20 kinds of ****** which are a tradition beans fermented food using 
straw, various ****** samples are heat-treated for 20 minutes with a 60 ** constant temperature bath, after- 
being suspended to distilled water the colony pure isolation of the bacillus which cultivates for three days with 
37 ** humidistat, and expresses high viscosity after carrying out the smear of said suspension small quantity 
made to heat-treat to the Polly gamma~g!ut.amtc~acid production agar plate culture medium (GSJ containing 1.5% 
of L-glutamic acid — it carries out After carrying out subculture twice for these separation bacillus repeatedly 
using the same above double grounds, a strain with the most active biomass growth is separated in the bacillus 
colony from which high 'viscosity is taken out by production o f Polly gamrna-glutsmlc acid Although said 
separated Polly gamma-glutaroic-acid high throughput strain forms a milky bacillus colony from LB plate agar 
which contains agar 2% this is cultivated at 37 ** by a **** thin method for 20 hours, and the strain it becomes 
active L growth of a biomass j most [ strain J is separated, 

[QG25]ihis invention strain separated by the above-mentioned method is morphological., and the physiological 
character is as follows. 

[0O28]When cultivating by L8 agar plate culture medium, opalescence carries out bacillus colony formation of 
this invention strain, and it has the characteristic that biomass growth becomes slow in the culture temperature 
of .not less than 55 ** as the. gram positive bacteria with active growth of a biomass on not less than 3? ** 
golden opportunity conditions. Bacillus with the common this invention strain It i$ a salt~toierant strain 
producible also by 9.0% of salt (NaCI) concentration higher than the salt tolerance concentration which Subtilis 
has, the result of having made the comparative analysis of the 16S rONA base rank of this invention separation 
strain to the strain 16S rDNA base sequence in a bacillus conventionally — the homology (99 0%) of bacillus 
Subtilis (Bacillus subtilis) and very high l§S rfJNA base sequence — a table — the bottom. 
f.0027]However, in spite of the above high homology, this invention — bacillus in a new separation bacillus 
Subtilis . A natto fermented soybeans and bean paste hot pot can be used also for the strain which suited the 
high manifestation system of the recombination protein which did not. contain the plasroid unlike the **** genus 
Bacillus stock which can be conventionally used for Polly gamma-glutamic-acid production, and let gene 
manipulation pass. The separation strain by this Invention h a safe microorganism in which edible is possible. 
Therefore, for example, a vaccine can fee made to be able to reveal by the ability to make said strain into a host 
(making the antigen portion of for example, a pig diarrhea virus reveal), and the strain itself can be used for the 
feed additives for a diarrhea disease therapy or prevention. 

[G028lThat Is, oral vaccine development is attained using the strain of this invention, 

[0029]Unlike other genus Bacillus stocks, nitrate reduction power is netative, sporuiation does not happen easily 
and the separation strain of this invention has the characteristic which is not easily derived by manganese ion, 
either Jt is a bacillus about the strain of the aforementioned result to this invention. It classifies into Subtilis and 
■s a bacillus. Subtilis A natto fermented soybeans and bean paste hot pot (Bacillus subtilis var.ohungkookjang) is 
named. The name of said strain was made into "Bacillus 8S~4' (Bacillus sp.8$~4) for convenience, and it ****ed 
to the Biotechnology Division research institute gene bank (KCTC, Taejon Metropolitan ************ 52 
whereabouts) as so accession number of KCTC06978P on November 18. 1999. 

[0G3GJC Analysis of Polly gamma-glutamie acid and activity measurement of an intervention enzyme) A fixed 
quantity of the Polly gamroa-glutamic acid produced by said strain. D of a polymer, and the chock of an L-- 
glutamic acid presentation are earned out as follows, 

1,0031 jSaeiiius Subtilis After cultivating a natto fermented soybeans and bean paste hot pot, liquid, such as an 
upper group which centrlfuged the culture medium and Polly gamma-glutamic acid contained, is separated, and 0 
and L-glutamic acid are separated using the crepuscular-rays study activity HPLO column which added high 
concentration chloride here and was hydrolyzed at the elevated temperature. In order to ask for a standard 
curve, the refined Polly gamma-giutamic-acld sample was also analyzed by the same method. The content of the 
Polly gamma-glutamic acid which calculated the correction value over the Isolation L-glutamic acid which 
carried out semi- [ of the substance which passed the column 3 to D and an L-glutamic acid standard curve, and 
was added to the initial culture medium quality and after quantifying, and was produced purely is calculated. 
i0032]For measurement of intracellular enzyme TJ-AAT and OluRA which participate In production of 
biodegradable Polly gamma-glutamic acid directly, and AlaRA activity, After collecting biomasses and crushing a 
biomass by an ultrasonic crusher next it inoculated this invention strain into 5-ro! LB liquid medium and 10 hours 
cultivated at 37 **, it: centrifuges and crude enzyme liquid is obtained. An activity fixed quantity of D~AAT 
makes the crude enzyme liquid obtained by the above react It to D~a!anine and alpha -keto glutamic acid into a 
0.1 M iris buffer solution (Tris-HCL pH 8.5). and by an enzyme reaction. The activity can be quantified by 
measuring the quantity of the pyruvic acid which is a react Ion product produced, GiuRA can analyze the L- 
glutamic acid produced by the post-enzyme reaction which made crude enzyme liquid react to D-glutamlc acid. 
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aipha-glutamine acid, and PIP into 50mM tris buffer solution (Tris-HOt pH 8.5} in an optica! activity HPLG 
coiun n nd < 1 ,% tk< " ■ i tivtty a fixed quantity, AlaRA measures with an absorbance the pyruvic acid 
produced with alanine dehydrogenase by making D-alanine into a disposition at 340 nm, and makes the activity a 
fixed quantity. 

M « e tef its ivention s »>p amod more to details through working example. It is for these working 
example only explaining this invention more concretely, and the range of this invention is not limited fay these 
working example according to the gist of this invention. 



[Translation done.] 
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JPO and i NP i T are not responsible for arty 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows; the word which can not be translated. 
3 .In the drawings, any words are not translated. 



EXAMPLE 

[Example](Working example 1) ****** which is the tradition beans fermented food produced by the traditional 
beans bacterial coupling through the decomposition of a microorganism and the separation straw of an 
identification S. microorganism which produce Polly gamma-glutamic acid came to hand all over the country, and 
it was used as a sample. After following the endospore for mation -(zed process which is heat-treated for 20 
minutes with a 60 ** constant temperature bath, and a baciilus has next it added each sample to sterilization 
distilled water in small quantities and was suspended. The smear of the suspension is carried out to GS plate 
agar (1.5% L-glutamic acid, 5.0% sugar, 0.27%KH 2 PO 4 , 0.42%Na 2 HPO 4 . 0.05%NaCI, and 0.05%MgSO 4 and 0.05% 
BIOKEN) which contains agar 2%, It. cultivated for three days to a 37 ** incubator. The biomass which forms the 
mucosity bacillus colony shown by Polly gamma~gfutamic~acid production was separated after culture. 
[00353A possibility that a separation baciilus can be co-cuitureri by mucosity Polymer Division Polly gamma- 
glutamic-acid production is taken into consideration. After carrying out the smear according to a continuation 
thin method on LB culture medium which is a general culture medium which does not produce a polymer, 
biomass growth carried out pure isolation only of the most flourishing bacillus, and selected with the Polly 
gamma-glutamic-acid production strain, and biochemical characterization was examined closely using that said 
strain is morphological and a general culture medium without polymer production of mucosity. 
[D036]In order to investigate the constitutive enzyme activity of the enzyme complex which participates in 
polymer production of the Poily gamma-giutamic~acid production strain obtained by this invention, the separated 
strain was inoculated into 5~m! LB liquid medium, and 10 hours cultivated it. Said culture medium was 
centrifuged. biomasses were collected, and after crushing the biomass by the ultrasonic crusher and obtaining 
crude enzyme liquid, this was used for D-AAT and GluRA which participate in Poily gamma-glutamic-acid 
production, and AlaRA enzyme activity measurement. 

[0037J2., and morphological and it is biochemical characterization (1) &nbsp:. [ a microorganism 3 
     &nbsp:A!though edible [ which was separated in growth and the gestalt 
characteristic above-mentioned stage of   microorganism ], water solubility, biodegradability, and the 
activity strain from ** tonicity Polly gamma-glutamic-acid Takao formed the colony of the bacillus which takes 
cut high mucosity with GS agar plate background which is a Polly gamma-glutamic-acid production culture 
medium. By LB agar plate culture medium which does not produce mucosity pile composition, the milky bacillus 
colony was formed and many of biomasses showed the cylindrical gestalt. Under the temperature influence 
which it has on biomass growth, growth was nursed in [ not less than 30 ** ] 55 ** or less, and biomass growth 
was not able to be checked above 60 **. 

[0038]When microscope observation was carried out by the exponential phase using LB liquid medium of biomass 
growth, it is a bacillus of a comparison strain. It was similar with Subtilis (graphic display abbreviation). It was a 
Gram positive and the sizes of the cell were 0.7 to 0 8X2.0-3.0 micrometers of outlines. R1CHINIPOMISU which 
is other comparison strains expressed the cylindrical pattern that the biomass outside of an exponential phase 
was thin on the other hand again, and the separation strain of this invention expressed the different biomass 
outside. 

[0039j(2) The strain and bacillus by sodium chloride tolerance this invention After 24 hours cultivated the 
Subtilis termented-soybeans (B. subtilis natto) strain by LB culture medium by which Nad of each 
concentration was added, the absorbance was measured at 660 nm and the growth grade of each strain was 
measured (drawing 2). From the density range (12%) where the strain by this invention can grow so that it may 
see by a diagram to a bac;llus Compared with the Subtilis fermented soybeans, it. turns out that it is the 
tolerance over a twice [ about ] as many survival rate, i.e., sodium chloride, as this. 

[0040](3) The strain by plasmid content characteristic this invention, bacillus Bacillus Subtilis 168 and the 
bacillus which are the type strains of Subtilis The plasmid was separated from Subtilis fermented-soybeans 
IF03336. and the content propriety was checked ( drawing. .3 ). At drawing 3 . M is 1 kb rudder marker and A is a 
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bacillus. Subtilis 168, the strain according [ 8 ] to this invention, and C express bacillus Subtills fermented- 
soybeans IFD3336. 

[0041] Although the strain by this invention is a strain which produces Polly gamma-glotamte acid as it .sees by a 
diagram, it turns out that a plasmid like fermented- soybeans IF03336 is not contained. And the- same feature as 
bacillus Subtilis 168 which is a strain which cannot produce Polly gamma-glutamic acid is seen. 
[0G42jThe strain by this invention can be used also for the host who suited the high manifestation system 
(secretory production) of the recombination protein which did not. contain a plasroH therefore carried out gene 
manipulation like [. at the time of explaining in full detail ]. 

[0043]:'4) The spore was dyed and observed, after inoculating the strain by this invention into LB culture medium 
by which CoS0 4 of spoliation characteristic 2mM was added and cultivating for four days at. 3? **• (graphic 
display abbreviation). Bacillus which is the Poily gamma~glutamie~acid production strain with same strain by this 
invention It has checked that sporogenous ability power had come out notably compared with the Subtilis 
fermented soybeans 

(00441(5) in- addition, the biochemical characterization of the strain by this invention, etc. were investigated using 
biochemistry characteristic API50CH8 and an AP120E kit 

[0045]The strains by this invention are gram positive bacteria, do not have the reducing power of a nitrate and 
do not produce Indore. Gelatin and starch are decomposed, beta **GURIKOSHIDAZE and **-galactosidase are 
produced, and oxidase is produced. An urease can be produced and it can grow up altogether on golden 
opportunity base conditions, it expressed as what can use glycerol, galactose, glucose, a shook sirloin, malt 
sugar, and starch. 

[0046]lt is as [ detaiied / it having been morphological and having expressed biochemical characterization to 
Table 1 j the microorganism sorted out by this invention. 
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[00483(6) In order to identify more correctly the separation strain obtained by base sequence analysis this 
Invention, gene base sequence analysis of 16S rDNA was carried out 

[0049]First. after amplifying 16S rDNA gene in PGR using N-end primer (5 r AGAGTTTGATC0TGGCTCAQ-3 1 } 
and C-end primer (5 -AGAAAGGAGGTGATCGAGCC-3'X Cloning was carried out to plasmid pT?8lue. and the 
whole base sequence was determined. It is a bacillus as a result of comparing much 16SrDNA base sequences 
and homology of a microorganism to whom I6S rDNA base sequence of the microorganism sorted out is 
reported conventionally. Homology was expressed as Subtilis 99.0% and it has judged as what is located in a 
system which was illustrated by drawing 4. 

[0050 i(7> The separation strain of this invention shows the characteristic which does not contain a plasmid 
unlike the usual genus Bacillus stock which can be conventionally used for Polly gamma-glutamic -acid 
production in spite of identification of the separated strain, however homology high as mentioned above. Such 
the characteristic shows that the strain by this invention can use gene manipulation for the host who suited the 
high manifestation system of the recombination protein which lad Unlike a genus Bacillus stock, nitrate 
reduction power is mutative, speruiation is not performed easily but the separation strain of this Invention has 
the characteristic which is not easily derived to manganese ion. 
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0> 51 ]it is a bacillus; oatto fermented soybeans and bean oaste hot pot (Baoiiius.) about the strain of this 
invention about the characteristic (folio wing working example can explain) of the Polly gamma-glutamic acid 
which the characteristic and this strain of the above strain Itself produce. It classifies into the new strain 
belonging to Subtilis, and is a bacillus, Subtilis It is named subtilis var.chungkookjang, The naw of said strain 
was made into Bacillus BS-4" (Bacillus sp.BS~4) for convenience, it ****ed to the Biotechnology Division 
research institute gene bank (KCTC, South Korean Taejon Metropolitan ************ 52 whereabouts) on 
November 13. 1999, and deposition number KCTCO607BP was given. 

[0052] (Working example 2) After it inoculated the separation strain of generation this invention of Polly gamma- 
glutamic acid into the Polly gamrna-glutamle-acld production culture medium arid 72 hours cultivated at 3? **, 
the Polly gamma •glutamic- acid content sample solution was acquired by adjusting so that the 2N solution of 
hydrochloric acid may be added and pH may be set to 3.0. 10 hours made said sample solution settle at 4 **, 
and polysaccharide in fermented mash was removed, it added so that it might become fermented mash twice the 
volume of said ther* about athanol, and it fully mixed. After 10 hours made mixed liquor settle at 4 **. it 
eentrifuged and the Polly gamma-glutamic-acid sediment was obtained. Add distilled water to said sediment and 
it was made to dissolve in it. protease was added so that it might be set to 100 ug(s)/ml, and 3? ** humidistat 
was made to decompose the quality of extracellular protein of 6 hours which carries out a between settlement 
reaction and exists in a Polly gamma-glutamic-acid sample. It condensed, after removing the glutamic acid which 
dialyzed and separated this with sufficient quantity of distilled water, and pure Polly gamma-glutamic acid was 
obtained. The these-refined Polly gamma-glutamic acid measured the presentation and the quantity of 
production of D and L glutamic acid which were obtained by performing oxidised water decomposition. 
[0053]As the productivity of the Polly gamma-glutamic acid which the strain of this invention and the strain 
used for comparison produce was expressed to Table 2, as for the separation strain of this invention, the liquid 
medium showed the productivity of 16 g/L Bacillus separated from fermented soybeans Subtilis fermented- 
soybeans 1F03336* and RICHI£POM!SUATCG994Sa showed the Polly gamma-giutamic-acid productivity of 10 
g/L and 9 g/L respectively. In order to compare the productivity of Polly gamma-glutamic acid in a solid medium. 
After inoculating the bacillus Into the plate agar which is a Polly gamma-glutamic-acid production culture 
medium which contains agar 2% and cultivating for three days at 37 **, Polly gamma-glutamic acid was refined 
identically to the above-mentioned refining method, and the difference of the productivity of this invention 
separation strain and a comparison strain was investigated. As for the test result and the separation strain of 
this invention, 8 mg / plate agar, and RfCHIEPOMISU ATGC994Sa expressed the productivity of 6 mg / plate 
agar, and 12 mg / plate agar, and bacillus Subtilis fcrmented-soyfa«ans lF03338a checked that this invention 
separation strain had twice [ about ] as many productivity as this compared with a comparison strain. The result 
of having measured the quantity of the Polly gamma-glutamic acid respectively produced per 0.3-rng strain so 
that it might see with the gat photograph of drawing 5. Bacillus which is a Polly gamma-glutamic-acid production 
strain of existing [ the separation strain of thfelnvention ] It can check producing Polly gamma-glutamic acid of 
very much quantity from Subtilis fermented "Soybeans If 03336a. 
[0054] 

[Table 2] 



[QG55]CWorking example 3} The Quantity of production -of the Polly gamma-glutamic acid which D of Polly 
gamma-giutamie acid and the separation strain of stereospecificity investigation this invention of L-giutamic acid 
produce, and the presentation of D which is a constituent of Polly gamma-glutamic acid, and L-giutamic acid 
were investigated. 

[Q058]]n order to investigate the percentage of D which is a monomer of Polly gamma-glutamic acid of the 
amount of Polymer Division which the separation strain of this invention produces, and L~glutarnie acid, After 
making the purs Polly gamma-glutamic-acid sample which 72 hours cultivates with 150 rpm and 3? ** humidistat 
using the Erienmeyer flask which is 500 ml which GS production culture medium contained, and could be refined 
In the above-mentioned refining method and the similar way add and deaerate 6N chloride. 10 hours hydrolyzed 
at 1 05 **. 

[005?]The amino acid analysis of the above-mentioned hydrelysate uses the concentration gradient using 50mM 
phosphoric acid buffer solution (pH 7.0} which contains njathartol. 5%, and .methanol. The HPLC column 
CRexchromeS5-1 80--ODS, Regis Ohem, 4.8mmX25cmX5m. U.S.) analyzed, After separation of the stereoisomers 
form made D and the aroino~ierrmnus part of L-gSutamic acid derivative using o-phthalaldehyde, in 452 nm (Em) 
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and 342 nm (Ex), D and l-glutamic acid which are the constituents of Polly gamma-giutamic acid were made a 
fixed quantity according to the standard curve of D and L -glutamic acid with the fluorescence detector. 
[0058'jAs the result of having investigated the content of D which is a monomer which constitutes the produced 
Polly gamma-giutamic acid, and L-giutamic acid was expressed to Table 2, The ratios of D/ L-giutamic acid from 
the Roily garoma-glutamic acid which this, invention separation strain produces are about 40/60, Bacillus which 
is a comparison strain in Subtilis fermented-soybeans IF03336a and RiCHIEPOMl$UATCC§945a, the ratio of 
D/L-glutamic acid is 50/50. and the separation bacillus was able to see different: monomer percentage. 
[0Q59](F!X8d quantity of enzyme activity which participates in Polly gamma-glutarnic~acid production) 
in order to measure the enzyme activity which participates in Polly gamma-giutamic- acid production of this 
invention separation strain, It centrifuged, after cultivating a biomass with 37 ** humidistat using LB liquid 
medium which dees not produce a mucosity polymerization agent., and after adjusting crude enzyme liquid with 
the method which mentioned this above next, the enzyme activity included in crude enzyme liquid was measured. 



[OOBOjit makes the activity of D-AAT react crude enzyme liquid to D-alanine and **~ketoglutanc acid into a 
0.1M tris buffer solution (Tris-HCI, pH 8.5). and it by an enzyme reaction, it quantifies by measuring the quantity 
of the pyruvic acid which is Die produced reaction product (Bemtsson S, Anal.Chem., 21: 1 659- 1 660- 1 995), The 
activity of GluRA analyzed and quantified the L~ glutamic acid produced by the enzyme reaction in the optical 
activity HPLC column, after making crude enzyme liquid react to O-glutamic acid, **-fcetogfutaric acid, and PLP 
in 50mM tris buffer solution (Tris-HCI, pH 8.6). The spectrometry of the pyruvic acid which made alanine 
dehydrogenase react to the L -alanine produced considering D-alanine as a substrate, and was generated was 
carried out and alanine racemase activity measurement (Biochemistry, 25:3261-3267.1986) quantified it, Protein 
content was measured by the Bradford method (Bradford. M., Anal.Biochem., 72:248-25*1-1976). 
[0061 jThe activity measurement result of the quantity of Polly gamma -glutamic acid, a molecular weight and D, 
an L-giutamic acid ratio, and an enzyme (D-AAT, GluRA, AlaRA} by which the product from happiness in the 
next life is carried out of having cultivated the separation strain of this invention with the Erlenmeyer flask was 
shown so Table 2 and Table 3, Bacillus known as a Polly gamma-giutamic-acid production strain separated from 
Japanese fermented soybeans in order to compare the characteristic of the Polly gamma-glutamie acid which 
this invention separation strain produces Subtilis, and the Polly gamma-giutamic-acid quantity of production and 
enzyme activity of RICHiEPOMiSU were measured and displayed. 
[0062J 

[Table 35 




[GG83]As a result of comparing and examining the above enzyme activity, the separation strain of this invention 
AlaRA, D - Ala and Q-GSu of cell growth and Polly gamma-giutamic acid required for production are compounded 
using GluRA activity, Bacillus ft can expect using the activity of D-AAT higher about 3 times than the Subtilis 
fermented soybeans and RIGHIEPOMISU as a thing with the course which compounds D-GSu in large quantities 
and uses, it for production of Polly gamma-giutamic acid directly from O-Ala. Baciilus The Subtilis fermented 
soybeans and R1CH1EPGMISU so that Tables 2 and 3 and drawjngX^ay see, it can expect as a thing with the 
course which compounds glutamic acid required for composition of cell growth and Polly gamma-giutamic acid 
using high GluRA activity. The separation strain of this invention is a baciilus. It was considered Subtilis 
fermeoted-soybeans !F03336a and RIGHIEPOMISU ATGC994Sa as a thing with each-other different **** 
amino-acid-synthes:s course (dra wing 6 ). Are drawin g 6 and the glutamine:2-o>:o guru TAREDO amino mutase 
and 2 1 A giutamine synthetase. 3 L-giutamic acid: — as for the pyruvic acid amino mutase and 4. the D~ 
amino acid amino mutase and 6 are Polly gamma-giutamate synthesis enzymes alanine racemase and 5. and TCA 
expresses a tricarboxylic acid cycle. 

[0Q84]Nameiy, baciilus While D~g!utamic acid which can be used for composition of Polly gamma-giutamic acid is 
converted into intracellular in the case of the Subtilis Bacillus natto stock. L- glutamic acid is converted into D- 
gbtamic acid by operation of giutamie-acid racemase and it is made. In the separation strain of this; invention. 
D-gSuiamic acid is produced from L-giutamic acid by operation of alanine racemase and the D-amino acid amino 
mutase. 

[OOOojCWorking example 4) bacillus which are a separation strain of determination-of-molecular-wetght this 
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invention by comparison f 1 } eleo^ricai-and-elactric-equipment **** of the molecular weight of Petty gamma- 
glutamic acid, and the type strain in a bacillus Subtiiis 168 — and.Baciilus which is a comparison strain In order 
to measure the molecular weight of the Polly gamma-glutamic acid which Subtiiis f e rmented-soy beans IFG3338 
produces, concentration gradient SDS-PAGE was carried out 

[0066] After refining the Polly gamma-glutamic acid produced from each biomass with the refining method 
explained in full detail in said working example 2, the about 200 ug(s)/mi solution was prepared. After mixing each 
Polly gamma-giutamic-acid solution 80ui with SX buffer solution 20u! by which dyeing medicine was added, 
electric **** was performed by 5 to 20% of concentration gradient polyacrytamide gel. Standard protein and 
Polly gamma-glutamic acid were dyed for the electric **** completion back of each by a KOMASHi dyeing 
reagent and methylene blue sOi wir g 3, At drawing, 5 M is standard protein and 1 is a bacillus. The strain 
according [ according to / in Subtiiis 168 and 2 / bacillus Subtiiis fermented-soybeans IF03336 / 3 ] to this 
invention was expressed. 

[0067'jLike drawing 5, the separation strain of this invention is a bacillus. It wax able to check producing Polly 
gamma-glutamic acid of a far larger molecular weight than the molecular weight (about 1,000 KDa(s) - 2,O00KDa) 
of the Polly gamma-glutamic acid which the Subtiiis fermented soybeans produce, 

[0068](2) After cultivating the separation strain of determination-of-moieculat-weight this invention by a gel 
filtration chromatograph (GPO) for five days by GS solid medium. Polly gamma-glutamic acid was refined by the 
aforementioned method, and the molecular weight was analyzed using the gel penetration chromatograph 
(Asahipak GS-820 H+Tosoh TSK gel). 

[0089'ja gel filtration chromatograph - 50roM salt: — to the solvent, the rate of flow cf the solvent carried out 
the acetonitrile (4:1) solution with 25 ** column oven at 0.7 ml/m. In the standard substance, polyethylene oxide 
was used and the molecular weight of Polly gamma-glutamic acid was measured using the refraction index 
measuring instrument. 

[0Q7Q]The chromatograph of the test result was illustrated to ojawing.7. As a result of analyzing this, as for the 
Polly gamma-glutamic acid which the separation strain by this invention produces. It turns out that Mw (an 
average molecular weight, weightaverage molecular weight) is [ about 13 million and a molecuiar-weight- 
distribution figure (polydisperstty) j about 3.0. 

[007l]This proves that not only the chisel with a very large molecular weight compared with the thing which 
other strains produce but its molecular weight distribution of the Polly gamma-glutamic acid which the strain by 
this invention produces is uniform. Therefore, the Polly gamma-glutamic acid produced from the strain of this 
invention can be utilized very useful as an object for hydration gel manufacture. 

[00?2j(Working example 5} Polly gamma-glutamic -acid molecular weight change of the strain by this invention 
which utilized Polly gamma-giutamlc-acid decomposition activity measurement GPC of the strain by this 
Invention, and followed culture time progress was investigated. 

[0073]Cultivating the separation strain of this invention by GS solid medium, Polly gamma-glutamic acid was 
respectively refined by the aforementioned method on 1, 3, and the 5th at the time of progress, and a molecular 
weight and molecular weight distribution were investigated using GPC (Table 4), 
[0074] 

[Table 4] _____ 



[0075'jit turns out that the Polly gamma-glutamic acid compounded by the strain by this invention hardly 
changes an average molecular weight and molecular weight distribution even if culture time passes so that, it 
may see in Table 4. therefore, strain bacillus by this invention Subtiiis or [ that a natto fermented soybeans and 
bean paste hot pot does not have Polly gamma-glutamic -acid decomposition activity ] — or it can be judged 
that there is not almost it. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3in the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1jft is a figure showing the ceil wail by various intracellular enzymes, and the constituent synthetic 
pathway of Polly gamroa-giutaroic acid. 

)rawi \g 2:Baei i 'ut. of this invention Subtiiis A natto fermented soybeans and bean paste hot pot and bacillus 
Subtiiis It. is a graph which compares the sodium chloride tolerance of fermented soybeans. 
s J> w>' , L . 3 < I us of this invention Subtiiis It is a gel eiectrieal-and-electric-equipment **** photograph which 
shows the piasmid existence propriety of a natto fermented soybeans and bean paste hot pot and other 
comparison strains. M is 1Kb rudder marker and A is a bacillus. As for Subtiiis 168 and 8, the strain by this 
invention and C are bacilli. Subtiiis ferroented-soyheans IFG3336 is expressed. 

'Drawing 4l Baci}ius of this invention strain based on 16S rDNA base sequence Subtiiis It is a distribution diagram 
of a natto fermented soybeans and bean paste hot pot. 

[ Drawing Sl Baciiius of this invention Subtiiis It is a concentration gradient SDS-PAGE gel electricahand- 
eiectric-equipment **** photograph of the Polly gamma-giutamic acid produced by the natto fermented 
soybeans and bean paste hot pot and other comparison strains. M is a standard protein marker and 1 is a 
baciilus. Subtiiis 188 and 2 is a bacillus. Subtiiis fermanted-soybeans 1F03338 and 3 expressed the strain by this 
invention. 

[Drawing Sl Baciiius of this invention Subtiiis It is the figure which expressed iy the Poiiy gamma-giutamic-acid 
biosynthetic path of the natto fermented soybeans and bean paste hot pot. 1 — glutamine; — the 2-oxo guru 

TAREDO amino mutase and 2 — a glutamine synthetase. 3 L~glutamic acid: — as for the pyruvic acid amino 

mutase and 4, the D-aroino acid amino mutase and 6 are Poiiy gamma-giutamate synthesis enzymes alanine 
racemase and 5. and TCA expresses a tricarboxylic acid cycie. 

fDrawingJjbaciilus of this invention Subtiiis the gel chromatograph result of the Poiiy gamma-giutamic acid 
which the natto fermented soybeans and bean paste hot pot produced — a table — the bottom is a graph. 
[Layout Table] 
<110> 

Sioleaders Corporation 

<12Q> Bacillus subtiiis var. chungkookjang Producing High 
Molecular Weight Poly-gamma-giutamic Acid 
< 1 30. 
£01-009 

<150> 

KR2001~i48i 

<I60> 

2 

<1 70'; 

Kopatent in 1J1 

<210> 

1 

-21 1 > 
20 

<212> 
DHA 

<213> 

Artificial Sequence 
<220> 
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<223> 

Single stranded oligonucleotide primer 

<400> 

1 

agagtttgat 
cctggctcag 
<210> 
2 

<211> 
20 

<212> 
DNA 
<213> 

Artificial Sequence 

<220> 

<223> 

Single stranded oligonucleotide primer 

<400> 

2 

agaaggagg 
tgatccagcc 
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[Written Amendment] 

[Fifing datelHeisei 14(2002} February 8 (2002.2.8) 
[Amendment 2j 

[Document to be Amended]Description 

jjtem(s) to he Amended]DETAil£D DESCRIPTION 

[Method of AmendmentjChange 

[Proposed Amendment] 

[Detailed Description of the Invention] 

[0001] 

[Field of the lnvention]This invention straw. The salt-tolerant bacillus Subtilis (bacillus subtlis) natto fermented 
soybeans and bean paste hot pot stock separated from the natto fermented soybeans and bean paste hot pot 
(.******} w hich is a tradition beans fermented food of used South Korea (KOTO Bacillus subtilis 
var.chungkookjang) It is related with Pofiy gamma -glutamic acid which is an extracellular secretion nature 
polymer produced from 0697BP and said strain, and is edible, water solubility, negative ion nature, and a 
biodegradable polymer substance. The D -amino acid transaminase which is an etuyme in which this invention 
makes keto acid transfer the amino group of D~amino acid to details more (D~amino acid 
amiriotransferasSe:EG2.6 .1.21), (It is hereafter called D-AAT for short), The nature object formation of the 
opposite sex of an alanine and glutamic acid, GJutamic-acid racemase (Glutamate racemase',EC5T.1.3r calf for 
short the following GluRA) and alanine racemase (Alanine racemase: call for short the following AlaRA) which are 
enzymes which carry out a catalyst. And it is related with the Polly gamma- -glutamic acid produced by the new 
strain which produces Polly gamma-glutamic acid out of a cell with Intracellular enzyme complexes, such as a 
Polly gamma-glutamate synthesis enzyme (Poly-gamma-glutamate synthetase), and said strain. As illustrated to 
drawing 1 , many enzymes are participating in composition of Polly gamma-glutamic acid. 
[0002] 

[Description of the Prior ArtjPoily gamma-glutamic acid is the polymer which carried out Polly gamma-giutamy! 
(gamma-giutamly!) combination, and D and L-glutamic acid as mucous material, it is produced from the genus 
Bacillus stock separated from "KINEMA" etc. which are the "natto fermented soybeans and bean paste hot 
pot" (******) which is a tradition beans fermented food of South Korea using straw, the "fermented soybeans" 
which are Japanese tradition beans fermented foods, and a tradition beans fermented food of Nepal. The Polly 
gamma-glutamic acid produced from said genus Bacillus stock Edible, ft can use for the raw material substance 
for the natural decomposition nature plastic manufacture by the desiccant, the moisturizer and the raw material 
of cosmetics, and the affinity of an ester derivative by water solubility, negative ion nature, and a biodegradable 
polymer substance (molecular weight: 100,000-2,000,000). 

[0003]Recently. the research which got interested in production of Polly gamma-glutamic acid, development, and 
the soluble fiber of a heat-resistant plastic, film production according to the substitutive -goods raw material of a 
difficulty degradabie polymer and an esterifkation reaction about use. etc. has been advancing actively mainly by 
industrialized nations The development of hydro-gel Chydrogei} and industrialisation research by the change-in- 
physical-properties research and the crosslinking bond 3gent which are caused in Polly gamma-glutamic acid at 
the time of gamma irradiation are promoted. The influence of manganese ion which it will have on the 
presentation of Polly gamma-glutamic acid, and Polly gamma~giutamic-acid production if an example is given. 
The research to use to a water-soluble polymer and research (Biosci.Biotechnol.S-ochem.. 60(8.5:1 239-1 242- 
1998) on development of the !ow~water-ffow solubility plastic by composition of an ester derivative, and bacillus 
by ultrasonic decomposition. The practical use CdP,H6-32?42»A) to health food with the ************ curative 
effect as the Polly gamma-giutamic-acid production by Subtilis and a calcium resolvent, etc. see. 
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[0004j!n add-tion, the effect (Euro patent No. 838180) of decreasing the phosphorus content of a drainage 
system and decreasing water pollution. Biodegradable adsorbent resin with the high gelation properties by 
radiation irradiation and absorptivity is manufactured, and there is a report o? application (JP.H 10-25 1402. A), 
practical use (JP.H 7-300522 A dP,H6-32235$,AX etc. to sanitary goods, foodstuffs, and horticulture industry of 
a diaper etc. the use (JP,H7 - 1 38384.A.) as the solidification biodegradable fiber by the dissolution of Polly 
gamma-giutamic acid, precipitate, and desiccation, a film, and a film formation agent There is also a report to 

P I i5 11 7333 A poiymes foi drug carriers (JP,M6~9?870A dRH6-256220 > A), etc. 
[OQOSjOn the other hand, in South Korea with fundamental researches, such as efficient production (South 
Korean patent application No. 3404 [ 199? to X South Korean patent application No. 87805 [ 1997 to ]), a 
characteristic improvement, etc. of PoiSy gamma -glutamic acid The application study which is going to use for 
the source materia! of cosmetics the Polly gamma-glutamic acid which a bacillus Bacilius natto stook produces 
by the Pacific Ocean. Inc. occurs 
[0008] 

[Problem(s) to be Solved by the Invention] However, the molecular weights of the Polly gamma **GURUTAM!N 
acid obtained by the method using the conventional genus Bacilius stock are 100.000-2,000,000, and for a 
desiccaot, a moisturizer, or natural decomposition nature plastic manufacture, The method that productivity was 
higher was called for the direction which produces the Polly gamma **GURUTAM1N acid of Polymer Division 
more. 

[OOCTlTherefore, this invention aims to let a molecular weight provide the method of producing more 2,000,000 

or more Poliy gamma **GURUTAMIN acid to a large quantity using a genus Bacilius stock. 

[0008] 

[Means for Solving the ProbiemjSait-tolerant strain bacillus separated from a natto fermented soybeans and 
bean paste hot pot (******) of a South Korean tradition beans fermented food as a result of this invention 
persons' inquiring wholeheartedly to achieve the above objects Subtilis A natto fermented soybeans and bean 
paste hot pot stock. It finds out producing Polly gamma-glutamic acid of the amount of Polymer Division at high 
concentration, and came to complete this invention based on these knowledge. 

|0009]Nameiy, this invention Polly gamma-glutamic acid which is a biodegradable polymer substance is produced, 
and it is salt tolerance, Bacillus which sporuiation was difficult, and did not contain a plasmid in the strain Itself, 
but was separated from a natto fermented soybeans and bean paste hot pot Subtilis It is a natto 

fermented soybeans and bean paste hot pot stock (Bacillus subtilis varchungkookjangl 
[0010]Bacilius whose nitrate reduction power the above-mentioned strain is netative in the above-mentioned 
invention and whose deposition number is KCTC06978P Subtilis It is preferred that it is a natto fermented 
soybeans and bean paste hot pot stock (Bacillus subtilis var.chungkookjang}. 

[001l]Another of an invention is a recombination protein production method using the above-mentioned strain 
as a host 

{.0012]Furthermore, another of an invention is a manufacturing method of Polly gamma-glutamic acid using the 
above-mentioned strain. 

foot 3lln the above-mentioned invention, it is preferred to Include the following stage. 

(a) A stage which cultivates the above-mentioned strain and acquires Polly gamma-glutamic acid 

(b) A stage which acquires a Polly gamma- glutamic -acid sediment next it removed and carried out solvent 

extr action of the polysaccharide and centnfuged it with Polly gamma-glutamic - acid content liquid which acquired 
[ above-mentioned ] 

(c) A stage into which processed to protease and extracellular nature protein was made to disassemble after 
dissolving the above-mentioned Polly gamma-glutamic-acid precipitate 

(d) A stage condensed after dialyzing and removing isolation glutamic add 

[0014}According to this invention, how a molecular weight produces efficiently 2.000,000 or more Polly gamma 
**GURUTAMIN acid can be provided. 

[00l5]Furthermore, another of an invention is Polly gamma-glutamic acid which is manufactured by the above- 
mentioned strain and characterized by a molecular weight being 2,000 or more kDa. 

[001S]Accord;ng to this invention, the Polly gamma **GURUTAM1N acid which fitted a desieeant. a moisturizer, 
and natural decomposition nature plastic manufacture rather than the Polly gamma **GURUTAMIN acid 
produced by the conventional genus Bacillus stock can be provided. 

[0017]Furthermore, another of an invention is the cosmetics containing the above-mentioned Polly gamma - 
glutamic acid, 

* urthermore another of an invention is the health food containing the above-mentioned Polly gamma- 
glutamic acid. 

[001 ^Furthermore, another of an invention is a drink containing the above-mentioned Polly gamma-glutamic 
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acid 

(G020]Furtherrnore. another of an invention is the drugs containing the above-mentioned Polly garoma-gletamic 
acid, 

[002 t jAccording to this invention, cosmetics, health food, a drink, drugs, etc. which contain Polly gamroa- 
giutamic acid of the amount of Polymer Division conventionally can be provided. 

[0022] 

[Embodiment of the InventionjHeresfter. this Invention >s explained more concretely 

[0023j(Separation and identification of a strain) Bacillus which is a new strain of this invention which produced 
Polly gamroa-glutamic acid of edible, water solubility, negative ion nature, and biodegradahility with high yield, and 
had salt tolerance Subtiiis Separation of a natto fermented soybeans and bean paste hot pot and the method of 
identification are as fellows. 

[0024.3lt is produced in the Republic of Korea, and in order to separate a strain with a Polly gamma-giutamtc- 
acid high throughput ham ths sample of 20 kinds of ****** which are a tradition beans fermented food using 
straw, various ****** samples are heat-treated for 20 minutes with a 80 ** constant temperature bath, after 
being suspended to distilled water, the colony pure isolation of the bacillus which cultivates for three days with 
3? ** humidistat, and expresses high viscosity after carrying out the smear of said suspension small quantity 
made to heat-treat to the Polly gamma-glutamic-acid production agar plate culture medium (GS) containing 1.5% 
of (.--glutamic acid ~- it carries; out. After carrying out subculture twice for thasa separation bacillus repeatedly 
using the same above double grounds, a strain with the most active biomass growth is separated in the bacillus 
colony from which high viscosity is taken out by production of Polly gamma~giutamio acid. Although said 
separated Polly gamma~giutamic~acid high throughput strain forms a milky bacillus colony from LB plate agar 
which contains agar 2%, this is cultivated at 37 ** by a **** thin method for 20 hours, and the strain it becomes 
active [ growth of a biomass ] most [ strain j is separated, 

[0025jthis invention strain separated by the above-mentioned method is morphological, and the physiological 
character is as follows, 

i;0G28]When cultivating by LB agar plate culture medium, opalescence carries out bacillus colony formation of 
this invention strain, and it has the characteristic that biomass growth becomes slow in the culture temperature 
of not less than 55 ** as the gram positive bacteria with active growth of a biomass on not less than 3? ** 
golden opportunity conditions, Baciilus with the common this invention strain It is a salt-tolerant strain 
producible also by 9,0% of salt (NaCi) concentration higher than the salt tolerance concentration which Subtiiis 
has, the result of having made the comparative analysis of the 16$ rDNA base rank of this invention separation 
strain to the strain 16S rDNA base sequence in a bacillus conventionally — the homology (§§.0%) of bacillus 
Subtiiis (Bacillus subtiiis) and very high 16S rDNA base sequence — a table ~~ the bottom. 
[002 7] However, in spite of the above high homology, this invention — bacillus in a new separation bacillus 
Subtiiis . A natto fermented soybeans and bean paste hot pot can be used also for the strain which suited the 
high manifestation system of the recombination protein which did not contain the plasmid unlike the **** genus 
Bacillus stock which can be conventionally used for Polly gamma-glutamic-acid production, and let gene 
manipulation pass. The separation strain by this invention is a safe microorganism m which edible >s possible. 
Therefore, for example, a vaccine can be made to be able to reveal by the ability to make said strain into a host 
(making the antigen portion of for example, a pig diarrhea virus reveal),, and the strain itself can be used for the 
feed additives for a diarrhea disease therapy or prevention. 

[0028]That is, oral vaccine development is attained using the strain of this invention. 

[002£iUniike other genus Bacillus stocks, nitrate reduction power is oetative, sporulation does not happen easily 
and the separation strain of this invention has the characteristic which is not. easily derived by manganese ion, 
either. It is a bacillus about the strain of the aforementioned result to this invention. It classifies into Subtiiis and 
is a bacillus. Subtiiis A natto fermented soybeans and bean paste hot pot (Bacillus subtiiis var.chungkookjang) is 
named. The name of said strain was made into 'Bacillus BS-4' (Bacillus sp.BS-4) for convenience, and it #***ed 
to the Biotechnology Division research institute gene bank (KGTC. Taejon Metropolitan ************ 52 
whereabouts) as an accession number of KCTC0S878P on November 18, 1993. 

[0030}(Anaiysis of Polly gamma -glutamic, add and activity measurement of an intervention enzyme) A fixed 
quantity of the Polly gamma-giutamic acid produced by said strain, D of a polymer, and the check of an L- 
glutamic acid presentation are carried out as follows. 

[003 l]Bacillus Subtiiis After cultivating a natto fermented soybeans and bean paste hot pot, liquid, such as an 
upper group which centrifuged the culture medium end Polly gamrna-glutamie acid contained, is separated, and D 
and L-giutamic acid are separated using the crepuscular-rays study activity MPLC column which added high 
concentration chloride here and was bydrolyzed at the elevated temperature. In order to ask for a standard 
curve, the refined Polly gamma-glutamic-acid sample was also analysed by the same method. The content of the 
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Polly gamma-giutamic acid which calculated the correction value over the isolation [..-glutamic acid which 
carried out semi- [ of the substance which passed the column ] to D and an L-giutamie acid standard curve, ana 
was added to the initial culture medium quality and after quantifying, and was produced purely is calculated. 
[0032jFor measurement, of intracellular enzyme D~AAT and (MuftA which participate in production of 
biodegradable Pciiy gamma-giutamic acid directly, and AlaRA activity. After collecting biomasses and crushing a 
biomass by an ultrasonic crusher next it inoculated this invention strain into 5-ml LB liquid medium and 10 hours 
cultivated at 37 **, it centrifuges and crude enzyme liquid is obtained. An activity fixed quantity of D--AAT 
makes the crude enzyme liquid obtained by the above react it to D~a!anine and aipha-keto glutamic acid into a 
CUM trie buffer solution (Tns-HCi. pH 8.5), and by an enzyme reaction. The activity can be quantified by 
measuring the quantity of the pyruvic acid which is a reaction product produced. GiuRA can analyze the l~ 
glutamic acid produced by the post-enzyme reaction which made crude enzyme liquid react to D-gtutamic acid, 
alpha-glutamine acid, and PLP into 50mM tris buffer solution (Tris-HCi, pH 8.5) in an optica! activity HPLC 
column, and can make the activity a fixed quantity. AlaRA measures with an absorbance the pyruvic acid 
produced with alanine dehydrogenase by making D~aianine into a disposition at 340 nm. and makes the activity a 
fixed quantity. 

[0033]Hereafter. this invention is explained more to details through working example. It is for these working 
example only explaining this invention more concretely, and the range of this invention is not limited by these 
working example accor ding to the gist of this invention. 
[0034J 

[ExampleKWorking example 1) Decomposition and identification of a microorganism which produce Polly gamma- 
giutamic acid 

1. Separation of microorganism 

****** which is the tradition beans fermented food produced by the traditional beans bacterial coupling through 
straw came to hand all over the country, and it was used as a sample. After following the endospore formation- 
■zed process which is heat-treated for 20 minutes with a 60 ** constant temperature bath, and a bacillus has 
nest it added each sample to sterilization distilled water in small Quantities and was suspended. The smear of the 
suspension is carried out to GS plate agar (1.5% l~glutamic acid, SM sugar. 0.2?%KH 2 PO 4< 0.42%Na ? HPO 4 , 0.05% 
NaCI, and 0.05%MgSO 4 and 0.05% BtOKEN) which contains agar 2%, It cultivated for three days to a 37 ** 
incubator. The biornaas which forms the mucosity bacillus colony shown by Polly gamma-giutamic-acid 
production was separated after culture. 

[00351A possibility that a separation bacillus can be co-cultured by mucosity Polymer Division Polly gamma- 
giutamic-acid production is taken into consideration. After carrying out the smear according to a continuation 
thin method on L8 culture medium which is a general culture medium which does not produce a polymer, 
biomass growth earned out pure isolation only of the most flourishing bacillus, and selected with the Polly 
gamma-giutamic-acid production strain, and biochemical characterization was examined closely using that said 
strain is morphological and a general culture medium without polymer production of mucosity. 
[0036]ln order to investigate the constitutive enzyme activity of the enzyme complex which participates in 
poiymer production of the Polly gamma-giutamic-acid production strain obtained by this invention, the separated 
strain was inoculated into 5-ml LB liquid medium, and 10 hours cultivated it Said culture medium was 
centnfuged, biomasses were collected and after crushing the bicmass by the ultrasonic crusher and obtaining 
crude enzyme liquid, this was used for D-AAT and GiuRA which participate in Polly gamma-giutamic-acid 
production, and AlaRA enzyme activity measurement. 

[003?]2.. and morphological and it is biochemical characterization, f a microorganism ] 
(1) Growth end the gestait characteristic of a microorganism 

Although edible [ which was separated in the above-mentioned stage J, water solubility, blodegradabiiity, and the 
activity strain from ** tonicity Polly gamma-giutamic-acid Takao formed the colony of the bacillus which takes 
out high mucosity with QS agar plate background which is a Polly gamma-giutamic-acid production culture 
medium, By L3 agar plate culture medium which does not produce mucosity pile composition, the milky bacillus 
colony was formed and many of biomasses showed the cylindrical gestait. Under the temperature influence 
which it has on biomass growth, growth was nursed in [ not less than 30 ** ] 55 ** or less, and biomass growth 
was not able to be checked abos'e 60 **. 

[O038jWhen microscope observation was carried out by the exponential phase using LB liquid medium of biomass 
growth. It is a bacillus of a comparison strain. It was similar with Subbiis (graphic display abbreviation). It was & 
Gram positive end the sixes of the cell were 0.7 to 0.8X2.0-3.0 micrometers of outlines. RtCHlNIPOMiSU which 
is other comparison strains expressed the cylindrical pattern that the biomass outside of an exponential phase 
was thin on the other hand again, and the separation strain of this invention expressed the different biomass 
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outside. 

■2' Sodium chloride tolerance 
The strain and bacillus by this invention After 24 hours cultivated the Subtilis fermented-soybeans (8. subtilis 
natto) strain by LB culture medium by which NaCI of each concentration was added, the absorbance was 
measured at 660 nm and the growth grade of each strain was measured ( drawmg 2X from the density range 
(12%) where the strain by this invention can grow so that it may see by a diagram to a bacillus Compared with 
the Subtilis fermented soybeans, it turns out that it is the tolerance over a twice [ about j as many survival rate, 
i.e., sodium chloride, as this. 
[00401(3) Pfasmid content characteristic 

The strain by this invention, bacillus Bacillus Subtiiis 168 and the bacillus which are the type strains of Subtilis 
The pfasmid was separated from Subtilis fermented~soybeans IF03336. and the content propriety was checked 
(draw < g 3) Al draw rj& 3 M .a Ikb rudder marker and A is a bacillus. Subtiiis 188. the strain according [ 8 j to 
this invention, and G express bacillus Subtilis fermented-soybeans IF03336. 

[0041 jAlthough the strain by this invention is a strain which produces Polly gamma-glutamic acid as it sees by a 
diagram, it turns out that a pfasmid like fermented-soybeans IF03336 is not contained. And the same feature as 
bacillus Subtilis 168 which is a strain which cannot produce Polly gamrna-gfutamic acid is seen. 
[0042}The strain by this invention can be used also for the host who suited the high manifestation system 
(secretory production) of the recombination protein which did not contain a plasmid, therefore earned out gene 
manipulation like [ at the time of explaining in full detaii ]. 
[0G43j(4) Spoliation characteristic 

The spore was dyed and observed, after inocufating the strain by this invention into LB culture medium by which 
CoS0 4 of 2mM was added and cultivating for four days at 37 ** (graphic display abbreviation). Bacillus which is 
the Polly garoma-giutamic-add production strain with same strain by this invention it has checked that 
sporogenous ability power had come out notably compared with the Subtilis fermented soybeans. 
[00443(b) In addition, the biochemistry characteristic 

The biochemical characterization of the strain by this invention, etc, were investigated using API50GH8 and an 
AR2QE kit, 

[0O4S3The Strains by this Invention are gram positive bacteria, do not have the reducing power of a nitrate and 
do not produce Indore. Gelatin and starch are decomposed, beta **GURSKOSHlDAZE and **~galactosidase are 
produced, and oxidase is produced. An urease can be produced and it can grow up altogether on golden 
opportunity base conditions. It expressed as what can use glycerol, galactose, glucose, a shook sirloin, malt 
sugar, and starch. 

[0046jft is as [ detailed / it having been morphological and having expressed biochemical characterization to 
Table 1 ] the microorganism sorted out by this invention. 
[0047] 
[Table 1] 



[00481(65 Base sequence analysis 

e correctly the separation strain obtained by this invention, gene base sequence analysis 



In order to identify r 
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of 1 8S rDNA was carried out. 

[Q049jFirst after amplifying 16S rDNA gene m PGR using N~*md Primer (5 -AGAQTTTGATCCTGGCTCAG-3'} 
and Oend primer (5'-AGAAAGGAGGTGATCCAGCC-3'), Cloning was carried out to plasmld pT78Jue, and the 
whole base sequence was determined, it is a bacillus as a result of comparing much tSSrDNA base sequences 
and homology of a microorganism to whom 18S rDNA base sequence of the microorganism sorted out is 
reported conventionally. Homology was expressed as Subtilis 99.0% and it has judged as what is located in a 
system which was illustrated by drawing.,;*. 
[0050J(7) Identification of the separated "strain 

However, the. separation strain of this invention shows the characteristic which does not contain a piasmid unlike 
the usual genus Bacillus, stock which can be conventionally used for Polly gemma-giutamic-acid production in 
spite of homology high as mentioned above. Such the characteristic shows that the strain by this invention can 
use gene manipulation for the host who suited the high manifestation system of the recombination protein which 
led. Unlike a genus Bacillus stock, nitrate reduction power is netative, spoliation is not performed easily but the 
separation strain of this invention has the characteristic which is not easily derived to manganese ion, 
[0051 )It is a bacillus natto fermented soybeans and bean paste hot pot (Bacillus.) about the strain of this 
invention about the characteristic (following working example can explain) of the Polly gamma- glutamic acid 
which the characteristic and this strain of the above stra , t e f prodt « ft cia < into tl new strain 
belonging to Subtilis. and is a bacillus. Subtilis it Is named subtilis var.chunghookjang The name of said strain 
was made into Bacillus BS~4 : (Bacillus sp.BS-4) for convenience, it ****ed to the Biotechnology Division 
research institute gene bank (KCTG. South Kar^m Taejon Metropolitan ************ 62 whereabouts) on 
November 18. 1999, and deposition number KCTG0697BP was given. 
[0QS2](Working example 2) Generation of Polly gamma-glutamic acid 

After it inoculated the separation strain of this invention into the Polly gamma~g!utamic~acid production culture 
medium and 72 hours cultivated at 37 **, the Polly gamma-glutamic-acid content sample solution was acquired 
by adjusting so that the 2H solution of hydrochloric acid may be added and pH may be set to 3.0, 10 hours made 
said sample solution settle at 4 **. and polysaccharide in fermented mash was removed, it added so that it might 
become fermented mash twice the volume of said there about ethanol, and it hilly mixed. After 10 hours made 
mixed liquor settle at 4 **. it centrifuged and the Polly gamma-glutamic-acid sediment was obtained. Add 
distilled water to said sediment and it was made to dissolve in it protease was addeO so that it might be set to 
100 yg(s)/ml, and 37 ** humidlstat was made to decompose the quality of extracellular protein of 8 hours which 
carries out a between settlement reaction and exists in a Polly gamma-glutamic-acid sample. It condensed, after 
removing the glutamic acid which dialyzed and separated this with sufficient quantity of distilled water, and pure 
Polly gamma-glutamic acid was obtained, The these-refined Polly gamma -glutamic acid measured the 
presentation and the quantity of production of D and L glutamic acid which were obtained by performing oxidized 
water decomposition, 

[0053] A$ the productivity of the Polly gamma- glutamic acid which the strain of this invention and the strain 
used for comparison produce was expressed to Table 2. as for the separation strain of this invention, the liquid 
medium showed the productivity of 18 g/L Bacillus separated from fermented soybeans Subtilis fermented- 
soybeans If 03338a and RICHI£POMISlfATCC9945a showed the Polly gamma-glutamic-acid productivity of 10 
g/L and 9 g/L respectively, In order to compare the productivity of Polly gamma- glutamic acid In a solid medium. 
After inoculating the bacillus into the plate agar which is a Polly gamma-giutamlc-acld production culture 
medium which contains agar 2% and cultivating for three days at 3? **, Polly gamma-glutamic acid was refined 
identically to the above-mentioned refining method, and the difference of the productivity of this invention 
separation strain and a comparison strain was investigated. As for the test result and the separation strain of 
this invention. 8 mg / plate agar, and RICHIEPOMiSU ATCC994Sa expressed the productivity of 8 mg / plate 
agar, and 12 mg / plate agar, and bacillus Subtilis fermenteehsoybeans F03338a checked that this invention 
separation strain bad twice [about j as many productivity as this compared with a comparison stram. The result 
of having measured the quantity of the Polly garom*~#utamle acid respectively produced per 0.3-mg strain so 
that it might see with the gel photograph of draw ing 5, Bacillus which is a Polly gamma-glutamic-acid production 
strain of existing [ the separation strain of this invention ] It can check producing Polly gamma-glutamic acid of 
very much quantity from Subtilis fermenteoKsoybeans IF03336a, 
[0054] 
[Table 2] 
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[00 55] (Working example 3) D of Polly gamma -glutamic acid, stereospecificity investigation of L-glutamic acid 
The quantity of production of the Polly gamma-glutamic acid which the separation strain of this invention 
produces, and the presentation of D which is a constituent of Polly gamma-glutamic acid and L-glutamic acid 
were investigated, 

[COSSjfn order to investigate the percentage of D which is a monomer of PoKy gamma-glutamic acid of the 
amount of Polymer Division which the separation strain of this invention produces, and L-glutamic acid. After 
making the pure Polly gamma-glutamic-acid sample which 72 hours cultivates with 150 rpm and 37 ** humidistet 
using the Erienmeyer flask which is 500 roi which GS production culture medium contained, and could be refined 
in the above-mentioned refining method and the similar way add and rieaerate 6N chloride. 1 0 hours hydrolyzed 
at 105 **. 

[0057jThe amino acid analysis of the above-mentioned hydroiysate uses the concentration gradient using SQroM 
phosphoric acid buffer solution (pH 7.0) which contains methanol 5%, and methanol. The HPLG column 
(RexchromeSS- 1 00-ODS. Regis Chem, 4.6mmX25cmX5m, U.S.) analyzed. After separation of the stereoisomers 
form made D and the amino-terminus part of L-glutamic acid derivative using o -phthaiaidehyde. In 452 nm (Em) 
and 342 nm (Ex), 0 and L-glutamic acid which are the constituents of Polly gamma-glutamic acid were made a 
fixed quantity according to the standard curve of D and L-glutamic acid with the fluorescence detector. 
[0058]As the result of having investigated the content of D which is a monomer which constitutes the produced 
Polly gamma-glutamic acid, and L-glutamic acid was expressed to Table 2, The ratios of D/L-giutamic acid from 
the Polly gamma-glutamic acid which this invention separation strain produces are about 40/60. Bacillus which 
is a comparison strain In Subtilis fermented-soybeans JFG3338a and RICHIEPOMISUATCC994Sa, the ratio of 
0/L~giutamio acid is 50/50, and the separation bacillus was able to see different monomer percentage, 
[G059](Fixed quantity of enzyme activity which participates in Polly gamma-glutamic-acid production) In order to 
measure the enzyme activity which participates in Polly gamma-glutamic-acid production of this invention 
separation strain, It centrtfuged, after cultivating a biomass with 37 ** humidistat using LB liquid medium which 
does not produce a muccsity polymerization agent, and after adjusting crude enzyme liquid with the method 
which mentioned this above next, the enzyme activity included in crude enzyme liquid was measured. 
C0080]lt makes the activity of D-AAT react crude enzyme liquid to D- -alanine and **~ketogiutshc acid into a 
0,1 M tris buffer solution (Ths-HCI. pH 8.5). and it by an enzyme reaction. It quantifies by measuring the quantity 
of the pyruvic acid which ss the produced reaction product (Berntsson S ( Anal.Ghern., 27:1 659 - 1860-1 995), The 
activity of GluRA analyzed and quantified the L-glutamic acid produced by the enzyme reaction in the optical 
activity HPLG column, after making crude enzyme liquid react to Q-glutamic acid, **-ketoglutaric acid, and PLP 
in 50mM tris buffer solution (Trir~HCI, pH 8,5). The spectrometry of the pyruvic acid which made alanine 
dehydrogenase react to the L~a!anine produced considering D-aianine as a substrate, and was generated was 
carried out and alanine racemase activity measurement (Biochemistry, 25:3261-3267.1986) quantified it. Protein 
content was measured by the Bradford method (Bradford. M, AnaLBiochem.. 72.248-254-1976). 
[006i]The activity measurement result of the quantity of Poily gamma-glutamic acid, a molecular weight and D, 
an L-glutamic acid ratio, and an enzyme (D-AAT. GluRA, AfaRA) by which the product from happiness in the 
next life is carried out of having cultivated the separation strain of this invention with the Erienmeyer flask was 
shown in Table 2 and Table 3. Bacillus known as a Polly gamma-glutamic-acid production strain separated from 
Japanese fermented soybeans in order to compare the characteristic of the Polly gamma-glutamic acid which 
this invention separation strain produces Subtilis. and the Polly gamma~glutamtc:~acid quantity of production and 
enzyme activity of RICHIEPOM1SU were measured and displayed. 
[0062] 
[Table 3} 
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[0063]As a result of comparing and examining the above enzyme activity, the separation strain of this inversion 
AlaRA. D~ASa and D-Giu of cell growth and Polly gamma-giutamic acid required for production are compounded 
using GluRA activity. Bacillus It can expect using the activity of D-AAT higher about 3 times than the Subtilis 
fermented soybeans arid RIOHIEPOMISU ae a thing with the course which compounds D-Glu In large quantities 
and uses it for production of Polly gamma-glutamic acid directly from B-Aia. Bacillus The Subtilis fermented 
soybeans and RiCBIEPOMISU so that Tables 2 and 3 and drawing. 1. m ay see, it can expect as a thing with the 
course which compounds glutamic acid required for composition of cell growth and Polly gamma-glutamic acid 
using high GluRA activity. The separation strain of this invention is a bacillus. It was considered Subtilis 
fermented-soybeans !F03336a and RSCH1EP0MISU ATCC9945a as a thing with each-other different **** 
amino~aoto syntnes^ oo<. ^ ♦ £ 6 and the glutamlne:2~oxo guru TAREDO amino rnutase 

and 2 1 A giutamine synthetase. 3 — I. -glutamic acid: — as for the pyruvic acid amino rnutase and 4, the D~ 
amino acid amino rnutase and 6 are Polly gamroa-gfutamate synthesis; enzymes alanine racemass and S, and TCA 
expresses a tricarboxylic- acid cycle. 

[0064]Narmly, bacillus While D-gSutamic acid which can be used for composition of Polly gamma-glutamic acid is 
converted into intracellular in the case of the Subtilis Bacillus natto stock, L-glutamic acid is converted into D- 
glutamic acid by operation of giutamic-acid racemase and it is made, in the separation strain of this invention, 
D-glutamio acid is produced from L-glutamic acid by operation of alanine racemose and the D- amino acid amino 
rnutase. 

[0C!85j(VVorklng example 4} Comparison of the molecular weight of Polly gamma- glutamic acid 
( i ) The determination of molecular weight by electric **** 

Bacillus which are a separation strain of this invention, and the type strain In a bacillus Subtilis 188 and bacillus 
which is comparison strains In order to measure the molecular weight of the Polly gamma-glutamic acid which 
Subtilis fermented-soybeans IF03336 produces, concentration gradient SDS -PAGE was carried out. 
[0088]After refining the Polly gamma-glutamic acid produced from each biomass with the refining method 
explained in full detail in said working example 2, the about 200 ug(s)/rol solution was prepared. After mixing each 
Polly ga.mma-glutamic~acld solution 80ul with 5X buffer solution 20ul by which dyeing medicine was added, 
electric **** was performed by 5 to 20% of concentration gradient polyacrylamide gel. Standard protein and 
Polly gamma-glutamic acid were dyed for the electric **** completion back of each by a KOMASH1 dyeing 
reagent and methylene blue (drawing 5), At drawjng.5, M is standard protein and 1 is a bacillus. The strain 
according [ according to / in Subtilis 168 and 2 / bacillus Subtilis fermented-soybeans IF03338 / 3 3 to this 
Invention was expressed. 

[Q067jUka dr awing 5, the separation strain of this invention Is a bacillus, it was able to check producing Polly 
gamma-glutamic acid of a far larger molecular weight than the molecular weight (about 1,000 KDa(s) - 2,00QKDa} 
of the Polly gamma-glutamic acid which the Subtilis fermented soybeans produce. 

[00681(2) After cultivating the separation strain of determination~of~molecuiar-weight this invention by a gel 
filtration chromatograph (GPC) for five days by GS solid medium. Polly gamma-glutamic acid was refined by the 
aforementioned method, and the molecular weight was analyzed using the gel penetration chromatograph 
(Asahipah GS-620 H+Tosoh TSK gel). 

[0069]a gel filtration chromatograph — 50mM salt; -— to the solvent, the rate of flow of the solvent carried out 
the acetonitnie (4:5) solution with 25 ** column oven at 0,7 ml/m. In the standard substance, polyethylene oxide 
was used and the molecular weight of Polly gamma-glutamic acid was measured using the refraction index 
measuring instrument. 

[0070]The chromatograph of the test result was illustrated to drawjngj7- As a result of analyzing this, as for the 
Polly gamma-glutamic acid which the separation strain by this invention produces, it turns out that Mw (an 
average molecular weight weightaverage molecular weight) Is [ about 13 million and & molecular-weight" 
distribution figure (poiydisoersity) 1 about 8.0. 

[0071 ]TWs proves that not only the chisel with a very large molecular weight compared with the thing which 
other strains produce but its molecular weight distribution of the Polly gamma-glutamic acid which the strain by 
this invention produces is uniform. Therefore, the Polly gamma-glutamic acid produced from the strain of this 
invention can be utilized very useful as an object for hydration gel manufacture. 

[0072](Working example 5) Polly gamma-glutamie~acid molecular weight change of the strain by this invention 
which utilised Polly gamma- giutamic-acid decomposition activity measurement GPC of the strain by this 
invention, and followed culture time progress was investigated- 

[00?3]Cuitiv3ting the separation strain of this invention by GS solid medium. Polly .gamma-glutamic acid was 
respectively refined by the aforementioned method on L % and the 5th at the time of progress, and a molecular 
weight and molecular weight distribution Were investigated using GPC (Table 4). 
[0074] 
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t turn ut sat the F tamks acid compounded by the strain by this invention hardly 

changes an average molecular weight and molecular weight distribution even if culture time passes so that it 
may see in Table 4, therefore, strain bacillus by this invention Subtilis or [ that a natto fermented soybeans and 
bean paste hot pot. does not have Poily gamma"glutamic~acid decomposition activity ] ■— or it can be judged 
that there is not almost it, 
[00?$] 

■ - njAs It explains in detail by the above and being expiained,$a&-to$erant strain bacillus 
which separated this invention from ''******" (natto fermented soybeans and bean paste hot pot) which is a 
South Korean tradition beans fermented food Subtilis natto fermented soybeans and bean paste hot pot 
(Bacillus subtilis var.chungkookjang. KCTC0697SP). And Poily gamma-glutamic acid which is edible, the water 
solubility, the negative ion nature, and the biodegradable polymer substance which are produced from said strain 
is provided. Bacillus of this invention Subtilis A natto fermented soybeans and bean paste hot pot (Bacillus 
subtilis var.chungkookjang) produces Polly gamma-glutamic acid with a larger molecular weight than Polly 
gamma-glutamic acid of the cell which a common genus Bacillus stock produces, The quantity of production is 
excellent again, arid the Polly gamma-gfutamic acid produced by the strain of this invention can be used for 
product development, such as a high-value-added cosmetics raw material, a desiccant, and biodegradable plastic 
material, useful by composition and chemical preparation of a derivative. 
D0O77] 

[Layout Table] 
<1 10> 

Bioleaders Corporation 
<120> 

Bacillus subtilis var. chungkookjang Producing High Molecular Weight 
Poly-gamma-glutamic Acid 
<130> EOI-000 
<150> 

KR2001-1481 
<160> 2 
<170> 

Kopatent. in 1.71 
<210> 1 
<211> 20 
<212> DNA 
<213> 

Artificial Sequence 

<220> 

<223> 

Single stranded oligonucleotide primer 

<400> 1 

agagtttgat 

cctggctcag 

<2!0> 2 

<211> 20 

<212> DMA 

<2i3> 

Artificial Sequence 
<220> 

<223> Single 

stranded oligonucleotide primer 
<400> 2 
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[Amendment 3] 

[Document to be AmendedjDescription 

[ftem(s) to be AmendedjBrief explanation of the drawings 

[Method of Amendment]Change 

[Proposed Amendment] 

[Br s D<r. , w' • f the Drawings 

» i j tt vih'v,-t cm r*>i: 'n, ! enzymes nd ! 
pathway of Polly gamma -glutamic add. 

[Drawing 2jBacillus of this invention Subtiiis A natto fermented soybeans and bean paste hot pot. and bacillus 
Subtiiis It is a graph which compares the sodium chloride tolerance of fermented soybeans. 
[Drawing SjBaciMus of this invention Subtiiis It is a gel eiectrieaS~afK^eiectric~equipment **** photograph which 
shows the plasmid existence propriety of a natto fermented soybeans and bean paste hot pot and other 
comparison strains. M is 1Kb rudder marker and A ss a bacillus. As for Subtiiis 168 and 8. the strain by this 
invention and C are bacilli. Subtiiis fermented -soybeans IF03336 is expressed. 

[Drawing 4]8aciiius of this invention strain based on 16S rDNA base sequence Subtiiis It is a distribution diagram 
of a natto fermented soybeans arid bean paste hot pot. 

[Drawing o]8aciiius of this invention Subtiiis Jt is a concentration gradient SDS-PAGE gel electrieahand- 
eiectric-equipment **** photograph of the Poily gamma -glutamic acid produced by the natto fermented 
soybeans arid bean paste hot pot and other comparison strains, M is a standard protein marker and 1 is a 
bacillus. Subtiiis 168 and 2 is a bacillus. Subtiiis fermented-soybeans IF03336 and 3 expressed the strain by this 
invention. 

[ Drawing fjjBaciilus of this invention Subtiiis It is the figure which expressed ly the Polly gamma-giutamic-acid 
biosynthetic path of the natto fermented soybeans and bean paste hot pot. 1 — giutamine: — the 2~oxo guru 

TAREDO amino mutase and 2 ™~ a glutamme synthetase. 3 [.-glutamic acid: ~~ as for the pyruvic acid amino 

mutase and 4. the D-amino acid amino mutase and 6 are Polly gamma-glutamate synthesis enzymes alanine 
racemase and P, and TCA expresses a tricarboxylic acid cycle. 

[Drawing 7] baciiius of this invention Subtiiis the gel chromatograph result of the Polly gamma-glutamlc acid 
which the natto fermented soybeans and bean paste hot pot produced — a table — the bottom is a graph. 
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